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A

SUMMARY
4

This report presents the results of a study conducted by ARINC Research
Corporation to develop acquisition, installation, and life-cycle costs for
ground and airborne equipments of the Microwave Landing System (MLS). The
study was conducted for the Federal Aviation Administration (FAA) Systems
Research and Development Service (SRDS) and Office of Systems Engineering
Management (OSEM) under Contract DOT-FA76WA-3788.

Costs were developed fo. four ground MLS configurations and three air-
borne MLS configurations. The four ground configurations and their charac-
ttxistics are shown in Table S-l. All costs were based on existing prototype
designs; minor modifications were made to the designs where appropriate to
incorporate state-of-the-art technology. Acquisition costs and equipment
.nean time between failures (MTBF) were developed through the use of a
parametric pricing model that used input data developed by ARINC Research
•nrough detailed analysis of the prototype equipments. ARINC Research
developed eqvipment installation costs and derived life-cycle costs (LCCs) S

of the ground and airborne equipment with the use of ARINC Research-developed
economic analysis models.

Tables S-2 through S-4 summnarize the cost analysis for the MLS ground
equipment. Table 5-2 presents the unit costs for the MLS ground configura-
tion in constant 1980 dollars, with a production rate variability. Table
S-3 presents the life-cycle costs by MLS configuration and total system
implementation for a 25-year life cycle. The costs in Table S-3 are depen-
dent on the implementation and maintenance scenario selected. We used
implementation strategy 9 from the FAA's Draft Precision Approach System 2 i
Transition Plan of 7 June 1979. Under this strategy, the system con-
figurations listed in Table S-3 were acquired and deployed. The number
of back azimuth systems deployed was an assumption of the LCC study. The
maintenance scenario chosen for the study was the 80's maintenance concept,
which used centralized maintenance hubs and remote maintenance monitors.
Table S-4 presents the LCC study results in discounted 1980 dollars.

A sensitivity analysis was also performed to determine the sensitivity
of the ground system LCC to the following:

"* Variations in system MTBF data

"• Shelters versus weatherproof enclosures for Basic I MI.C sites

VL
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Table S-2. MLS UNIT COSTS V11% PRODUCTION RATE VARIABILITY OVER A THREE-YEAR PFODUCTXION RUN
(MILLIONS OF CONSTANT 1980 DOLLARS)

Pruduction (Juantitl•e and Costs

system Typ 75 Systems 110 Systems 145 Systems 180 Systemp

Systems Unit Systems Unit Systems Unit Systems Unit

Produced Cost Produced Cost Produced Cost Produced Cost

SCOLS 75 203,300 110 194,400 145 188,800 I80 184,900

Basic I 55 410,400 81 384,800 106 372,100 132 361,80L

Basic 11 13 602,900 il 568,400 25 550,300 31 535,800

Expanded 7 700,000 10 648,200 14 616,400 17 593,700

* Variations in small community MLS (SCMLS) azimuth beamwidths and

coverages

* Implementation strategies

* Production schedules for MLS equipment

The LCC was determined to be relatively insensitive to changes in MTBF.
This was expected, because under the centralized maintenance scenario
maintenance costs are not a dominating cost driver in the LCC. The limited
evaluation of shelters versus weatherproof enclosures determined that acqui-
sition costs could be reduced by approximately 10 percent, installation
costs by 13 percent, and total life-cycle costs by 11 percent if weaVher-
proof enclosures are used instead of shelters. The reduction in LCC is
based in part on the assumption that shelters have an MTBF of 15 years.

In evaluating the SCMLS azimuth configuration, we concluded that a
change in beamwidth from 30 to 20 would result in an increase in the LCC of
approximately 3 percent. A change in coverage from 100 to 40* would increase
the XCC by 9.5 percent, and a 20 beamwidth, 40* coverage configuration would
increase the LCC by approximately 15 percent. These results are valid only
for the configuration evaluated.

We evaluated various implementation strategies during the sensiLivity
analysis and found that a faster implementation rate would result in an
increase in recurring costs, because these costs are time- and MATBF-depen-

dent. With constant dollars there would be no change in acquisition,
installation, or nonrecurring costs. implementation of a single system
would show a reduction in nonrecurring costs, because a smaller amount of
initial spares and data would be required.

An evaluation of production capacity showed that if two manufacturers
produced approximately 25 systems per year instead of one manufacturer pro-
ducing approximately 50 systems per year, the total LCC would increase by
approximately 27 percent. Production capacity was evaluated for the SCMLS
configuration only. The results showed that with two manufacturers, 8
percent would be added to the LCC acquisition cost, 100 percent to the LCC
nonrecurring logistics costs, and 54 percent to the recurring logistics
costs. These results are valid only for the assumptions governing them.

Vii.
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Acquisition costs and expected quantities of equipment for the airborne
MLS system are showki in Tables S-5 through S-7. The values indicate the
probable selling price of the avionics to prospective users. Appropriate
markups for distribution have been included on the basis of known or expected
practices of the avionics manufacturers. All costs dre based on constant
1980 dollars. Tables S-8, S-9, and S-10 present the LCC of the MLS avionics
over a period of 21 years by user community for both new and retrofit instal-
lations for the equipments shown in Tables S-5 through S-7. The unit acquisi-
tion cost shown in Table S-10 for low-performance general aviation aircraft
is different from the acquisition cost illustrated in Table S-7, because the
ICC allows for the normal distributor discount if the distributor installs
the avionics in the aircraft.

Table S-11 shows the life-cycle costs for the entire aviation community
in constant 1980 dollars. Table S-12 presents the results of Table S-li in
discounted 1980 dollars. The individual aircraft owner costs are likely to
be of the most interest to the general aviation community, while the air
carrier community il. r-robably be more concerned with the cumulative costs
of dystem implementatitcn.

Table S-5. AIR CARRIER AVIONICS COST PER MLS INSTALLATION,
BASED ON 500 UNITS PER YEAR (iQ80 DOLLARS)

Cost Total SystemEquipment Quantity rUntCs
per Unit Cost

MLS Receiver-Processor 2 8,880 17,760

MLS Control Panel 2 1.026 2,052

MLS Auxiliary Data Display 1 2,539 2,539

C-Band Antenna 2 150 300

Precision DME 1 11,385 11,385

Computer Interface 1 1,500 1,500

Total 35,536

I 4
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Table 5-6. HIGH-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BALED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

Cost Total System _
Equipment Quantity pe Unt os

MLS Receiver-Processor 1 7,219 7,219

MLS Control Panel 1 923 923

C-8and Antenna 1 195 195

L-Band A~ntenna 1 1.17 117

Conventional DME 1 5,850 5,850

CDI Display 1 916 916

Total 15,22.0

Ilei

Table S-7. LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

Equpmet Qantty Cost Total System
Equpmet Qantty per Unit Cost

MLS Receiver-Processor 1 1,648 1,648

C-Band Antenna 1 346 346

CDI Display 1 600 600

Total 2,594

x
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Table S-8. COST OF OWNERSHIP FOR COMMERCIAL
AVIATION AIRCRAFT (1989 TO 2009)

Costs (Constant 1980 Dollars)
Co st Ca tego ry R et rofit. .

New Installation RetrofitInstallation

Acquisition 35,536 35,536

Installation 6,940 11,560

SNonrecurring Logistic 10,032 10,032

Recurring Logistic 1,469 1,469
(First Year)

First Year of 53,977 58,597
Ownership o_

Life-Cycle Cost 63,357 87,977

Table S-9. COST OF OWNERSHIP FOR HIGH-

PERFORMANCE GENERAL AVIATION.
AIRCRA".T (1989 TO 2009)

Costs (Constant 1980 Dollars)

Cost Category Retrofit
New Installation IsaltoInstallation

Acquisition 15,220 15,220

Installation 5,860 9,770

Recurring Logistic 135 135

(First Year)

First Year of 21,215 25,125

Ownership

Life-Cycle Cost 23,915 27,825

x. .4
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Table S-i0. COST OF OWNERSHIP FOR LOW-
PERFORMANCE GENERAL AVIATION
AIRCRAFT (1989 TO 2009)

Costs (Constant 1980 Dollars)

Cost Category eeIsaltnNew Installation Installatio
Installation2

Acquisition* 2,075 2,075

Installation 105 325

Recurring Logistic 10 10
(First Year)

First Year of 2,280 2,410
ownership •

Life-Cycle Cost 2,460 2,590 •

*Cost is discounted to allow for distributor
installation.

Table S-11. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF

CONSTANT 1980 DOLLARS (1989 TO 2009)

Cost by Aircraft Avionics Category

Cost Low-Performance High-Performance Commercial Total
Category General General Aviationl

Aviation* Aviation**

Acquisition 266.476 501.132 185.320 952.928

Installation 26.405 233.996 49.128 309.529

Nonrecurring 9.384 27.980 42.254 79.618
Logistic

Recurring 12.371 45.905 119.388 177.664

Logistic

Total 314.636 809.013 396.090 1,519.739

*117,900 new installations; 10,500 retrofit installations.-
**22,425 new installations; 10,500 retrofit installations.

**t2,415 new installations; 2,800 retrofit installations.

ixii
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Table S-12. CUMULATIVE LIFE-CYCLE COSTS FOR AIRBORNE MLS IN
MILLIONS OF DISCOUNTED 1980 DOLLARS (1989 TO 2009)

Cost by Aircraft Avionics Category
• ,.. , ,HCost

Category Low-Performance High-Performance Total
General General Commercial

Aviation Aviation Aviation

Acquisition 44.354 86.775 51.023 182.152

Installation 4.430 41.297 15.186 60.913

Nonrecurring 1.701 4.916 12.680 19.297

Logistic

Recurring 1.521 5.774 19.408 26.703
Logistic

Total 52.006 138.762 98.297 289.065

Ati
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

For the past 10 years, the Federal Aviation Administration (FAA) has
been engaged in the development of the Microwave Landing System (MLS) as a
replacement for the Instrument Landing System (ILS) currently deployed at
more than 500 airports. The ILS has done an excellent job of meeting
precision landing requirements for the National Airspace System during the
past 35 years, but it has some inherent limitations that are expected to
become increasingly serious in the near future. Inadequate channel capacity,
the inflexibility of the approach path that aircraft must follow, and the
impact that terrain and weather have on the effectiveness of the system,
among other considerations, limit the potential growth of the ILS. The MLS
program either eliminates or alleviates all of these problems.

Early introduction of the MLS is desirable so that precision-approach
capability may be provided at airports not suitable for ILS operation.
Many of these airports serve the growing commuter and general aviation pop-
ulation and must improve their instrument capability to ensure the safety
of the aviation community. Since travel patterns indicate that aircraft
using the smaller community airports often also land at major commercial
airports, a compatible MLS must be provided at the large airports.

The basic MLS has been designed to meet the requirements of both com-
mercial and general aviation aircraft. Introduction of the MLS at major air-
ports will provide precision approach to all users while allowing the
phased replacement of the ILS with the MLS.

The FAA plans to install approximately 1,200 MLSs nationwide between
1985 and 2005. MLSs will eventually replace existing ILSs to provide an
improved, cost-effective precision-approach capability. The MLS has reached
the preproduction prototype stage; consequently,'satisfactory technical
information is now available to permit a detailed cost analysis of the

expected life-cycle cost (LCC) of the MLS, including design, manufacture,
and implementation.

The Systems Research and Development Service (SRDS), in conjunction
with the Office of Systems Engineering Management (OSEM) of the FAA, tasked
ARINC Research Corporation, under Contract DOT-FA76WA-3788, to develop the

t- I-I.!



life-cycle costs for a family of MLS ground and airborne equipment in accord-
ance with the November 1980 Program Plan for a Life-Cycle-Cost Study of the
Microwave Landing System.

1.2 CONTRACT OBJECTIVES

The primary objective of the contract effort was to develop and evaluate
detailed cost data on MLS ground and airborne equipments. The equipments
costed were based on existing prototype designs updated to 1980 technology.
The study addressed costs associated with the acquisition, installation,
operation, and support of the proposed equipments. Ground equipments were
combined to establish the total cost of ownership to the FAA, and airborne
equipments were combined to establish the total cost of ownership to both
the individual operator and the entire aviation community. Separate cost
data were developed for four classes of ground equipment and three classes
of airborne equipment.

1.3 PROJECT OVERVIEW

Over the past decade, the FAA has conducted a series of studies involv-
ing prototype MLSs. Those studies have shown that the MLS provides a number
of operational and cost benefits to the user community. The purpose of the
study by ARINC Research was to analyze the LCC of the MLS. The analysis
took into account the current electronic state of the art as applied to the
MLS.

This study was'designed to meet the following objectives:

On the basis of the prototype MLS, define an updated production
version of the MLS, taking into account such components as micro-
processors and large-scale integrated circuits.

Develop an implementation schedule for the MLS and a concomitant
production schedule.

Develop and exercise an LCC model that, when integrated with
implementation and production schedules, will yield the total
national LCC.

The LCC developed under this program was limited to the cost of implementing
the MLS without regard for how costs may be reduced because of existing ILS
installations, cables, power availability, and, roads. The cost benefits of
the MLS were reported in An Analysis of the Requirements for, and the Benefits
and Costs of, the National Microwave Landing System (MLS), FAA Report EM-80-7
of June 1980. ILS terms such as Category I, II, and III used in thii report
describe the reliability and integrity of a system rather than an operational
characteristic. The MLS has been designed to provide sufficient accuracy to
permit automatic landings at any MLS site. Categories of landing minimums
at any MLS site will be determined by factors other than accuracy.

1-2



Since the implementation strategy used in the LCC study directly affects
overall costs, the economic analysis model (SAM) used for the study was
designed with adequate flexibility to allow evaluation of different implemen-
tation strategies. In addition, the SAM was exercised to determine cost
sensitivity to the following variants:

* Production schedules

Reliability improvements

Shelters versus weatherproof enclosures for nonredundant BasicMLS sites•

0 Different degrees of azimuth coverage

* Different azimuth beamwidths

ARINC Research corporation developed the costs for four MLS ground
systems and three MLS airborne systems. The tital ground system LCC was

calculated by use of a modification to the Facility Maintenance Cost Model
S~developed by ARINC Research under Contract DOT-TSC-II73. The total airborne

system LCC was calculated by use of the SAM developed under Task I of this
contract for the airborne Discrete Address Beacon System (DABS). This

report presents the results of the cost analysis in 1980 dollars, consistent
with the technology and available data from which the estimates were made.

1.4 ORGANIZATION OF REPORT

This report addresses the MLS ground and airborne configurations and
the techniques used for estimating the unit and life-cycle costs of the
designs, and presents the results of the analysis.

Chapter Two describes the overall approach used to develop the economic
evaluations and the modeling method used to obtain the desired unit and life-
cy..ale costs. Chapter Three describes the development of the cost data for
the various MLS ground configurations evaluated. Chapter Four addresses the
commo~n parameters used in the ground LCC model, including installation costs,
implementation strategy, and maintenance scenario.

Chapter Five describes the results of the MLS ground configuration LCC
study, and Chapter Six presents a sensitivity analysis of them. Chapter
Seven describes the development of the cost data for the various MLS avionics
configurations. Chapter Eight addresses the installation costs, implementa-
tion scenarios, and maintenance scenarios used in the MLS airborne portion of
the LCC study, and Chapter Nine presents the results of the airborne LCC
analysis. Finally, Chapter Ten summarizes the results of the analysis and
presents conclusions.

Nine appendixes appear at the end of this report. Appendix A contains
detailed cost sheets associated with the MLS ground configurations, Appendix
B describes the development of the ground. installation costs, and Appendix C
presents detailed life-cycle-cost results for the ground equipment analysis.
Appendix D describes the ground LCC model, Appendix E presents the ground LCC

1-3
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model, and Appendix F addresses the common parameters used in the ground LCC

model. Appendix G describes the airborne LCC model, Appendix H presents the
airborne LCC model, and Appendix I addresses the common parameters used in
tie airborne LCC model.
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CHAPTER TWO

APPROACH

The costs of the various ground and airborne MLS configurations were
developed in a similar manner. While acquisition, installation, and logi.stic
support costs are unique to each configuration, they may be integrated with
implementation scenarios through economic analysis models to give the total
life-cycle cost of the deployed systems.

Development of detailed and accurate cost analyses of equipments that
currently exist only in prototype form can pose a number of formidable
problems, including the following:

Conversion of engineering requirements to the production configura-
tion of equipment. The system concepts are in various stages of
evaluation and employ existing levels of technology. Evaluation
criteria used must take these limitations into account to ensure
that the study evaluates production-quality equipments.

Anticipation of the needs of new equipment. The costs of any new
equipment are controlled oy the demand for the product. Estimates
of production quantities for cost-effective manufacturing are
dependent on expected implementation schedules. The ground system
implementation schedules were governed by the draft MLS transition
plan; the airborne implementation schedules were dependent on the
forecast aviation community.

Development of the necessary additional data required for a compre-
hensive cost analysis. Development of data (such as labor hour
costs) that apply equally to any MLS ground system, while of the
lowest criticality in a cost analysis, iE extremely important to
the accurate development of total implewentation cost.

Figure 2-1 illustrates the general approach followed by ARINC Research
Corporation in resolving these problems and obtaining the economic evalua-
tion of the MLS configurations.

Existing ARINC Research EAMs were adapted to evaluate the MLS implemen-
tation scenarios. Parallel data-collection efforts were initiated to obtain
the common and system-peculiar input data needed to exercise the models.
Common data, such as maintenance scenarios, were developed or obtained from
existing FAA documents. ,he models were also exercised for variations of
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Figure 2-1. MLS ECONOMIC ANALYSIS APPROACH

key parameters so that the sensitivity of the results obtained from the in-
put data and the assumptions employed in the analysis could be investigated.
The outputs of each model exercise were the resultant acquisition, installa-
tion, support, and total costs, by MLS configuration and for the total user
community, for each year and cumulatively for the 25 years from 1985 through
2009.

The remainder of this chapter presents details on how these problems
were approached.

2.1 SYSTEM CONCEPT

The MLS was designed as an evolutionary replacement for the ILS. It
employs ground-transmitted, time-referenced scanning beam angle information,
which is decoded by an airborne receiver-processor to achieve position
information. Ground and airborne distance-measuring equipment (DME) provide
range information. Position and range information may be processed in an '1
airborne computer and fed to an autopilot to allow automatic curved orsegmented approaches.

ýA
2.2 ACQUISITION COST

Acquisition cost is the cost associated with the actual purchase of
the equipment evaluated. Unit acquisition costs of both ground and airborneMLS equipments were calculated using the parametric method of pricing: which

estimates costs on the basis of various physical and economic decriptors
of the equipment being evaluated.
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The model chosen for the parametric method of pricing, the RCA Pro-
grammed Review of Information for Costing and Evaluation (PRICE), requires
a set of parametric data inputs that properly defines the module, or system,
to be priced. The model was chosen because of its wide acceptance by the
federal Government as a computer-based pricing model. Of the many input
parameters required, the most critical cost-driving ones are the weight,
volume, and structural-electronic division; manufacturing complexities;
and markups for overhead, general and administrative (G&A) costs, and
profit. Since manufacturing complexities vary among manufacturers in dif-
ferent fields (e.g., avionics for ARINC class or general aviation class
equipments), a detailed characterization was necessary for each type ,f
manufacturer expected to produce MLS ground or airborne equipment.

ARINC Research has studied the manufacturing complexities of several
key manufacturers of electronics by thoroughly reviewing existing systems,
collecting data at various manufacturing plants, and frequently exercising
the PRICE .iodel to establish the typical values for manufacturing complexi-
ties. The developed complexity factors have been compiled and are stored
in ARINC Research data files. They were used as a baseline in estimating
the cost of the MLS equipments considered in this study. Complexity factors
for actual subassemblies were dependent on the physical inspection of each
subassembly.

2.2.1 The PRICE Model

PRICE is a computerized parametric cost-modeling technique developed
by RCA. It estimates development and production costs on the basis of
physical and economic descriptors of the system under evaluation and com-
pares new requirements with industrywide data bases on analogous systems.
PRICE efficiently stores, retrieves, and uses this historical information,
allowing the classification of new designs by relating them to past similar
design efforts. The method provides the means of reducing great quantities
of empirical data to a relatively small number of principal variables that
can be adjusted to match the economic and technological characteristics of
the specific system.

2.2.2 Model Input Data

The PRICE model requires up to 40 parametric data inputs describing
the physical and economic characteristics of the system or subassembly
under evaluation. When operated in the subassem.bly mode, the model requires
similar inputs for all subassemblies and provides the means for final testand integration of the system.

The physical descriptors required include such key features as weight
of the structure and its electronics, packaging densities, volumes, quan-
tities to be produced, manufacturing complexities, and the degree of new
design. Since the model is structured to provide a cost per pound on the
basis of denLities and complexities, it is essential that the probable
weight and volume of the subassembly being evaluated is accurately
determined.
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To obtain these descriptors, we reviewed the existing technical descrip-
tions of the prototype ground systems built by Bendix Communications Division
of Towson, Maryland, and Hazeltine Corporation of Huntington, New York. We
measured and weighed the sabassemblies and MLS ground equipment at Washington
National Airport (Basic); NASA Wallops Islai.d, Virginia (wide azimuth,
COMPACTIm elevation); and the Hazeltine factory at Huntington, New York
(small coxmunity MLS). The same analysis was conducted for the airborne
equipment at CALSPAN, Buffalo, New York :.WSA Ames low-cost receiver); and
FAA Technical Center, Atlantic City, New Jersey tBendix receiver-processor).

The economic descriptors required include such features as year of pro-
duction, escalation rates, engineering schedules, production schedules, and
management activities required during development and production. Schedules
were carefully selected, because the final costs developed by the model are
affected by the complexity of a product and the time allowed for its devel-
opment and production. An 18-month development cycle and a 3-year produc-
tion run were used for the ground equipment. The development cycle for the
airborne equipment was 12 months, and the production run was 3 years.
Since the study was performed in constant 1980 dollars, the escalation rates
were set to zero. Production quantities were treated as a variable. Other
costs, such as those for management, tooling, and test equipment, were
normalized to the RCA data bank and altered through sensitivity analyses
and adaptation to specific manufacturers.

Table 2-1 lists the key input parameters in the format used throughout
the study and defines abbreviations and acronyms to provide an insight into
the parametric data employed by the model.

2.2.3 Model Output Data

The RCA PRICE model performs a series of evaluations based on the in-
put parametric data and provides costs as a function of the elements
associated with engineering and manufacturing for both development and
production of a system or subassembly. Engineering costs include the cost
of drafting, design, system management, project management, and data docu-
mentation required during system development and production. These costs
are presented for the entire production quantity for the development and
production period on the basis of the data input parameter set; they in-
clude the effect of learning. Manufacturing is concerned primarily with
the production of a system, but also includes costs for prototype develop-
ment and special tools or test equip--nt that might be required during
development. As is the case with engliseering costs, output costs are for
the entire production quantity with no escalation.

During execution of the program, the model frequently compares schedules,
packaging densities, and other key input parameters with historical data in
the RCA data banks. Abnormal inputs, such as development periods that are
too short, are flagged and brought to the attention of the operator.

The header of the output data sheet contains all the information used
as the parametric input to the model. The output data sheet also provides
the kty parameters used in deriving the costs so that the results may be
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Table 2-1. KEY PRICE PHYSICAL AND ECONOMIC DESCRIPTORS

Descriptor
Acronym or Description

Abbreviation :v

QTY Total quantity to be produced

WT Weight of assembly (subassembly), in pounds

VOL Volume of assembly (subassembly), in cubic feet

WS Weight of strnicture (nonelectronic) of assembly,
in pounds

MCPLXS Manufacturing complexity for structure

NEWST Percent of new design required for structure I
MCPLXE Manufacturing complexity for electronics

NEWEL Percent of new design required for electronics

CMPNTS Number of electronic components I
ECMPLX Engineering complexity of assembly (subassembly)

PRMTH Production period, in months

LCURVE Production learning curve

ECNE Engineering change orders for electronics, in
percent

ECNS Engineering change orders for structure, in
percent

YEAR Year of technology (usual start of design or
production)

ESC Escalation rate, in percent

PROJCT Degree of project management support during
engineering

DATA Degree of data requirements

TLGTST Degree of special tools and test equipment
required for development

PLTFM Factor for reliability testing, specification
severity

SYSTEM Degree of system engineering required

PPROJ Degree of project management support during
production

PDATA Degree of data required during production

PTLGTS Degree of special tools and test equipment
required for production
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checked. In addition, it provides the expected cost estimated by the pro-
gram, bounded by approximately two-sigma level-of-confidence costs.

PRICE also predicts the expected mean time between failures (MTBF) of
the equipment. The MTBF for each equipment was e-impared with the prototype
equipment manufacturer's predicted MTBF to determine their adequacy for use
in the study. Where a wide disparity existed between the two predicted
MTBFs, we checked the values against the Government-Industry Failure Rate
Data Exchange (GIFRDE) program to determine the value to be used.

2.3 DEVELOPMENT OF ECONOMIC ANALYSIS MODELS I

The specific means of assessing the projected costs associated with
each of the MLS configurations was through the development and exercise of
computer-based EAMs. These models determined the annual and cumulative
costs associated with each type of MLS system and tabulated these costs
by equipment and for the total user community. The models were developed
by tailoring existing ARINC Research cost models to the specific character-
istics of the MLS implementation concepts and the aviation community.

Input data to the EAMs consisted of data unique to a particular MLS 4
configuration being evaluated and data common to all MLS configurations
being evaluated. The specific requiremen.s for each type of data were
defined as the model was developed, and required data were collected. The
models were then exercised for each system concept in the user community.
In addition, the EAMs were exercised to determine the sensitivity of the
results to variations in key parameters (e.g., MTBF).

2.4 LCC STUDY ASSUMPTIONS

Many assumptions must be made in the course of an LCC analysis. The
assumptions from the MLS LCC program plan are presented in the following
subsections to provide a ready reference to the baseline LCC scenario.
Deviations from the program plan assumptions are parenthetically noted.

2.4.1 General Assumptions

The following general assumptions were made for the LCC analysis:

0 Cost figures will be comt.ensurate with solid-state components.
0 The designs will make maximum use of 1980 technology.

* Components used will meet the quality standards of FAA 2100 where

applicable.

* The transition period will be 1985 to 2005. Implementation will
begin in 1985, with the first system deployed in 1987.

. Constant fiscal 1980 dollars will be used to calculate the costs.

* A discount rate of 10 percent will be applied in accordance with
Executive Office of Management and Budget (OMB) Circular A-94.
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The cost models will compute annual and cumulative values in eachmajor cost element for each equipment class.

0 The ground LCC model will be adapted from the Facility Maintenance
Cost Model developed under Contract DOT-TSC-1173.

0 The air LCC model was developed under Contract DOT-FA74WA-3506 and
updated under Contract DOT-FA76WA-3788.

2.4.2 Acquisition Cost Assumptions

The acquisition cost assumptions were as follows:

" Costs will be generated with the RCA PRICE model and compared with
cost estimates of hardware manufacturers.

" A learning curve of 87.5 percent will be used. (Ground equipment
manufacturers normally use a learning curve of 92 percent, so 92
percent was used for ground equipment.)

Complexity-factor decisions for PRICE inputs will be based on
ARINC Research experience.

Ground equipment production quantities will be determined by the
implementation schedule.

Commercial aviation production quantities will be 500 units per
year per manufacturer.

General aviation production quantities will be 1,000 units per
year per manufacturer. .

Costs of marker beacons will be based on current FAA costs.
(Marker beacon costs were not used.)

"* DME costs will be based on current FAA costs.

"* Precision DME costs will be estimated as an incremental cost
over standard DME.

2.4.3 Installation Cost Assumptions

The following installation cost assumptions were made for the ground

and avionics systems:

Ground Systems

A total of 1,177 systems will be installed over 20 years --

from 1987 to 2006.

Standard construction manual national average trenching costs
will be used for the LCC.

The MLS types required will be determined from the FAA data
base used for the transition plan.

When shelters are used, the unit cost will be at current FAA
prices.

2-7

-f" " -• . ..



Flight-check and certification costs will be based on Qurrent
ILS procedures and MLS engineering flight checks.

Only split-site configurations will be evaluated.

Basic and Expanded back azimuth sites will be obtained by
reconfiguring front azimuth sites.

Approach lights will not be costed.

Ten percent of SCMLS installations will have back azimuth
capability.

Twenty percent of Category I Basic installations will have
back azimuth capability.

Avionics Systems

Avionics retrofit installation costs will be taken from
Development of Avionics Retrofit Installation Costs in Air
Carrier and General Aviation Aircraft, FAA Report EM-79-14
of November 1979.

" nInstallation costs in new aircraft will be assumed to be 60
percent of retrofit costs.Y

Full deployment for commercial air carriers will require four
years -- from 1989 to 1993.

General aviation aircraft will be retrofitted according to
the information in Table 8-5.

The number of aircraft installations involved will be based
on data shown in Table 8-5.

After the start date of 1989, all commercial aircraft will
have MLS equipment installed during manufacture.

The expected installation rates for new general aviation air-
craft will be based on information presented in Section 8.4.

2.4.4 Operations and Maintenance Cost Assumptions

The following operati.ons and maintenance cost assumptions were made
for the ground and avionics systems:

Ground Systems

The average operating hours per month will be based on the I
system's operating 24 hours per day.' Equipment MTBF will be determined by the PRICE model.

• The minimum number of spares will be one per organization.

The stocking objective for nonrepairables will be in accord-
ance with FAA practice.

Average pipeline factors will be in accordance with FAA data.

2-8
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On-system maintenance costs for qround systems will be assumed
to be 4.75 hours per centralized maintenance action.

Twelve weeks of specialized MLS training will be required.

Three days per year of recurring MLS maintenance training
will be provided.

There will be 75 hubs for centralized maintenance.

There will be four levels of module repair -- discard and
replace, a central repair group at the hub, depot, and on-
site.

Avionics Systems

Air carriers will apply current maintenance practices to the
MLS equipment.

0. Average operating hours for aircraft will be based on the
information in Table 8-5.

2.5 APPROACH SUMARYf

The preceding sections have provided an overview of the technical ap-
proach used in the study, outlined the capabilities of the EAMs, described
their use, and identified the general types of data and assumptions used
in the evaluation. The succeeding chapters of this report describe in
detail the MLS configurations, the acquisition costs, the characteristics
of the EAMs, and the specific results of the study.
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CHAPTER THREE

MLS GROUND SYSTEM CONFIGURATIONS ACQUISITION COSTS

Introduction of the MLS ground systems into the National Airspace
System will result in an investment cost that is dependent on the ground
equipmient configurations deployed. This chapter identifies the capabilities
recommended by the FAA and evaluates the acquisition costs associated with
each ground system configuration. Acquisition costs consider the actual
cost of equipment. Costs such as factory inspections, documentation,
training, and spares are considered in Section 5.3.1.

3.1 SYSTEM CONFIGURATIONS

3.1.1 General

The MLS signal format defined in FAA MLS Engineering Requirement
ER-700-08C, Microwave Landing System (MLS) Signal Format and System Level
Functional Requirements, ensures compatibility between ground system elements
and allows a variety of system elements to be installed at any given facil-
ity. On the basis of the MLS prototype development program, three config-
urations of MLS azimuth and elevation beamwidth combinations were defined co
satisfy the operational requirements of the MLS in the United States. The
three configurations are shown in Table 3-1.

Table 3-1. MLS BEAMWIDTH
COMBINATION
CONFIGURATIONS

Azimuth Elevation
Configuration..

Beamwidth Beamwidth

1 30 20

2 20 10

3 10 1

3-1
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These configurations use similar equipment, but differ in proportional
coverage specifications, reliability and integrity of equipment, and functions
to be provided. All three configurations include the following:

SApproach azimuth equipment (for lateral guidance)

0 Approach elevation equipment (for vertical guidance)

a DME

0 Means for transmitting basic data words

a Associated monitors, remote controls, and indicator equipment for
the items pre-iously listed I

An Expanded MLS configuration may be derived from these Basic configura-
tions by adding one or more of the following functions:

"* Back azimuth equipment

"" Flare elevation equipment (not included in this analysis)

"" Means for transmitting auxiliary data

"" A proportional guidance sector wider than the minimum specified

"" Associated monitors, remote controls, and indicator equipment
for the items previously listed

FAA ER-700-08C allows azimuth and elevation beamwidths and coverage
to exist within a range of values, in effect allowing a family of MLS
equipments to exist.

3.1.2 Equipment Configurations

The FAA Technical Data Package (TDP) governing the transition of the
MLS program from Systems Research and Development Service (SRDS) to Air-
ways Facilities Servi :e (AAF) recommends two production MLS configurations --

a Basic configuration and a small community configuration (SCMLS). Accord-
ingly, a SCMLS and-a Basic MLS configuration were used for this study as
stipulated in the November 1930 Program Plan for a Life-Cycle-Cost Study
of the Microwave Landing System. In addition, two variations of the Basic k
MLS were evaluated, which used similar equipment but differed in beamwidth
or operational availability of the equipment. Because of the variations in
Basic equipment, the Basic II system was defined to be the same as the Basic
I, but with dual electronics. This would be a Category II system with
respect to the reliability and integrity built into the system. The Expanded
system is the same as the Basic II, but the azimuth beamwidth was reduced to
10 from 20, and the coverage was increased to +600.

Table 3-2 shows the characteristics and limitations of the four con-
figurations costed, as well as the equipment costs to be determined as part
of this study and the equipment costs taken from FAA acquisition data.
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3.1.2.1 Visibility Categories

FAA ER-700-08C defines an accuracy required at the threshold of any
MLv without regard to visibility categories (I, I1, or III). However,
visibility categories affect the MLS ground equipment with respect to the
reliability and integrity built into the system. Since the Basic I equip-
ment shown in Table 3-2 is nonredundant, it would be considered Category I
equipment. Basic II equipment was developed by considering dual electronics
with a single antenna. The Expanded MLS uses the same electronics as the
Basic II, but an additional cost is associated with the 1* azimuth beamwidth.

3.1.2.2 Back Azimuth

Back azimuth guidance can be usel with any MLS configuration. On the
basis of conversations with FAA personnel, we assumed that 10 percent of
all SCMLS and 20 percent of all Category I Basic sites would have a back
azimuth system installed. The back azimuth antennas would be similar to
the front azimuth antennas at each site; therefore, the costs were
considered to be the same.

In accordance with FAA direction, it was assumed that all Category II
Basic and Category III Expanded sites would have MLS sites on the opposite
end of the runway, and that these sites would be capable of being recon-
figured to provide the back azimuth function. A

3.1.3 Production Ground Equipment

Production MLS ground equipment was developed on the basis of the
prototype Bendix Basic MLSs installed at Washington National Airport and
NASA Wallops Island, Virginia, and the SCMLS at Hazeltine Corporation.
This approach was chosen because the prototype equipments use two different
design concepts -- conventional (full) phased array versus thinned phased
array -- and demonstrate the capability oL meeting the MLS design require-
ments. While the ground equipments of this study may not incorporate the
overall design approach of the future, they do incorporate the design
approach of the present.

Available documents on the prototype ground systems were reviewed and I
compared with FAA' NER-700-08C change 1 of 16 May 1980 to identify changes
that could be made in systems design. Subsystems of the prototypes
that met the functional requirements of that document were reviewed to
ensure that the designs reflect the latest available technology. Subas-
semblies were identified as candidates for technological enhancement, and
state-of-the-art technology in such fields as microprocessors and integrated j!
circuits was incorporated into the subsystems to become part of the total
data package for cost evaluation where appropriate. The final designs were
adapted to a parametric evaluation by a commercially available pricing model.
The adaptation had a modular structure to permit independent cost analysis
of subassemblies at the smallest-repairable-unit level as well as at the
integrated-system level.
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3.1.3.1 Small Community MLS

The production SCMLS that was priced was a 30 azimuth, 20 elevation
MLS using a thinned array. The electronics were updated with the printed
circuit board (PCB) redesigns currently being incorporated into the SCMLS
enhancement program. The electronics and power supplies for each subsystem
were incorporated into the enclosures housing the antenna elements.

The design for our production version of the SCMLS was very similar to
the prototype designs. One design improvement was the installation of a
10-watt, solid-state military specification transmitter on the equipment.

The cost and MTBF of the transmitter were determined on the basis of discus-
sions with several manufacturers of solid-state amplifiers. A lO-watt,
solid-state commercial specification transmitter is currently being built
by one manufacturer. Another design improvement was the use of PIN diode
phase shifters rather than ferrite phase shifters. The phase shifters used
external driveLs. The production version of this SCMLS incorporated 10
phase shifters, 40 radiating elements, 5 dummy elements, and 7 additional

I|• elements for left/right clearance and sector identification antennas. A
collapsible, canvas-and-frame structure was attached to each antenna
structure for use as a maintenance shelter.

I The SCMLS equipments incorp. A uninterruptible power supplies, m~in-
tenance monitors, and data communicacions equipment within the azimuth and
elevation subsystems. The complete SCMLS configuration that was costed
included azimuth and elevation field monitors, commercial nonprecision DME,
and a remote control/status unit in the tower, along with a remote status
unit. When a back azimuth subsystem was used, it was considered to be

identical to the SC14LS azimuth subsystem. A block diagram of the SCMLS
is shown in Figure 3-1.

3.1.3.2 Basic MLS

The production Basic MLS tnat was priced was a 20 azimuth, 10 elevation
MLS with separate shelters for electronics. The electronics were based on
the Basic wide electronics, with suitable changes to reflect coverage of
+400. The 10 elevation antenna was based on the COMPACT'" MLS elevation
antenna at NASA Wallops Island.

The azimuth antenna was a 20 phased array antenna (full array) incorpora-
ting 50 phase shifters and 50 radiating elements. Two dummy elements were
on either end of the array, for a total of 54 elements. This antenna con-
figuration had to be developed, because the 20 azimuth MLS at Washington
National Airport is a lens-type antenna. The number of elements required
was derived from the following equations:

60XNumber of elements =
BW
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For a 20 beamwidth (OBW) and 400 coverage, 50 elements were required. Two
dummy elements were added to the end of the array for eege effects. We used
a 50-port power divider in the antenna similar to the 116-port power divider
used in the Basic wide MLS at NASA Wallops Island. The beam steering unit
(BSU) assembly used in the antenna was also similar to that of the Basic wide

MLS, but fewer electronics were required.

One design improvement was the replacement of the traveling wave tube
and RF assembly on the Basic system with a 20-watt, solid-state transmitter
built to military specifications. While no 20-watt, solid-state transmit-
ters are currently being built for MLS frequencies, we extrapolated a - )st
and MTBF from existing transmitters on the basis of our conversations with
manufacturers of solid-state amplifiers. In addition, 4-bit PIN diode
phase shifters were used in the Basic MULS with integral drivers, control,
and monitor circuits.

The Basic MLS electronics were located in a separate shelter with the
precision DME. All the control and monitor electronics were contained in
a single cabinet, which also contained the electronics and monitor power
supplies. The BSU electronics were located in the antenna enclosure with
required pcwer supplies.

The Basic MLS equipment incorporated uninterruptible power supplies,
maintenance monitors, and data communications equipment within the azimuth
and elevation subsystems. The complete Basic MLS configuration that was
costed included azimuth and elevation shelters, azimuth and elevation field
monitors, precision DME, and a remote control and status unit. When a
back azimuth subsystem was used, it was considered to be identical to the
Basic azimuth subsystem. A block diagram of the Basic MLS is shown in
Figure 3-2.

3.1.3.3 Basic II MLS

The Basic II MLS was similar to the Basic MLS, except that all the
electronics, transmitters, and power supplies were redundant, in hot
standby, for operational availability considerations. The precision DME
was also dual.

3.1.3.4 Expanded MLS

The Expanded MLS was similar to the Basic II, except that the azimuth
antenna was 10 instead of 20. The 10 azimuth antenna used 116 active
elements with 2 dummy elements on either end, for a total of 120 elements.
The 10 azimuth antenna was similar to the Basic wide azimuth at NASA
Wallops Island. All electronics, transmitters, and power supplies were
redundant, in hot standby, for operational availability considerations.
The precision DME was also dual.
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3.2 ACQUISITION COSTS

3.2.1 General

Unit acquisition costs of all ground MLS equipments were calculated
using the parametric method of pricing, which estimates costs on the basis
of various physical and economic descriptors of the equipment being evaluated.
To ensure accuracy in the characterization of existing equipment, all modules
or PCBs of specific subassemblies dere measured and weighted. Where large
structures sucn as antenna enclosures were invclved, the structure was mea-
sared, and the weight was calculated on the basis of the material used in
the structure. Where subassemblies such as power supplies, amplifiers, and
air conditioners may be purchased, potential suppliers were contacted so
that probable prices could be determined. These purchase prices were then
entered into the pricing model.

On the basis of common experience, G&A was assumed to be 20 percent,
profit 15 percent, and internal research and development (IR&D) 6 percent.
When parts were -o be purchased, a material handling cost of 10 percent
was assumed.

Subassembly and system costs were developed in sufficient detail to
identify the manufacturing costs associated with system development and
production. We used PRICE complexity inputs associated with military
specification quality parts.

Appendix A illustrates a typical PRICE input sheet and output printout
al. lists subassemblies and their associated development and manufacturing
costs for Basic I and SCMLS for a 180-unit production run.

3.2.2 System Unit Costs

Unit acquisition costs were determined with PRICE for four MLS con-
figurations -- SC.MLS, Basic I, Basic II, and Expanded. The unit costs,
shown in Tables 3-3 through 3-6 for variablo production runs, reflect
amortization of development costs over the entire production run. With
the exception of antenna enclosures, system parts were assumed to be
manufactured in sufficient quantities to allow for provisioning of spare
parts. These additional manufactured parts allowed a slight decrease in
the cost of manufactured parts because of the increased quantities
produced.

3.2.2.1 Production Methods

The unit costs in Tables 3-3 through 3-6 are based on productionS~quantities of 75, 110, 145, and 180 systems over a manufacturing period of

three years. Variable product±on quantities were evaluated to investigate
the sensitivity of system costs to production rates.

3-9
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TAble J-3. NJ WIT PROCUCTION COSTs FOR THREE-YEAR PRODUCTIri RUN, 75 SYSTEMS

Cost by System Type
(Constant 1980 Dollars)

Subsyste
80LS basic I Basic II Expanded

(75 Systems) (55 Systems) (13 Systems) (7 Systems)

Azimuth Antenna 70,800 65,600 74,800 171,200

Elevation Antenna 64,400 59,200 69,500 69,500

Azimuth Electronics * 82,000 161,800 161,800

Elevation Electronics ** 84,500 166,800 166,800

Shelters N/A 43,300 43,300 43,300

Field Monitors 6,100 6,100 6,100 6,100

SRemote Maintenance mon.tors 4,800 4,800 4,800 4,800
Remote Control and Status Panels 6,1W0 6,100 6,100 6,100

Int~ratln an •lt6,500 13,600 14,300 1,0

Angle Equipment Cost 159,100 365,200 547,500 644,600

Distanc-Measuring Equipment Cost 44,200 45,200 55,400 55,400 .%

Total System Cost 203,300 410,400 602,900 700,000 i

* Costs are included in azimuth antenna costs.
**Costs are included in elevation antenna costs.

Although any manufacturer may apply a given de3ign technique to the

entire probablo MLS matrix of azimuth and elevation beamwidth combinations,
our analysis was intentionally structured to look at two different design
techniques -- thinned array and full array. Since the SCMLS and Basic MLSs

defined in this study use these two different design techniques, it was
assumed that one manufacturer (or group of manufacturers) would provide
SCMLS equipment and another would provide the Basic versions of MLS. Under
this assumption, the number of SCMLS built during a productirn run would
be equal to the entire production run. The number of each of the Basic
vereions manufactured during i production run was based on the final total
percentage mix of Basic MLSs t rocured over the life cycle weighed against
the implementation strategy. For example, for the 75-unit production run,
we assumed 55 Basic I, 13 Basic II, and 7 Expanded systems over three years.
This percentage system mix was employed for all production uses. Also
included was adequate manufacturing to produce the- required back azimuth 1systems.

t3.2.2.2 Subsystem Costs

The following sections describe the various subsystems of the ground
equipments.
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lable J-4. W, IT PRODUCTION COSTS 7014 THREE-YEAR PRODUCTION RUN, 110 SYSTEMSSUI"T

cost by System Type
(Constant 1980 Dollars)

SCMLS Basic I Basic II Expandud
(110 Systems) (81 Systems) (19 Systeas) (10 Systems)

Azimuth Antenna 67,300 59,000 66,900 146,100

Elevation Antenna 61,500 51,900 61,000 lO000

Azimuth Electronics * 78,700 155,800 155,800

Elevation Electronics * 80,200 158,900 158,900

Shelters N/A 42,200 42,200 42,200
Field Monitors 5,700 5,70, 5.700 5,700
Racte Maintenance Monitors 4,c'00 4,900 4,900 4,900

Remote Control and Status Panels 5,300 5,300 5,300 5,300

Integration and Test 3,500 11,700 12,300 12,900

Angle Equipment Cost 150,200 339,600 513,000 592,800

Distance-Measuring Equiyment Cost 44,200 45,200 55,400 55,400

Total System Cost 194,400 384,800 568,400 648,200

*Costs are included in :aimuth antenna costs."*Costs are included in elevation antenna costs.

Table 3-5. MAS UNIT PRODUCTION COSTS FOR THREE-YEAR PRODUCTION RUN, 145 SYSTEMS

Cost by Systae Type
(Conetant 1980 Dollars)

Subsystem
SC2LS Basic I Basic II Expanded

(145 Systems) (106 Systems) (25 Systems) (14 Systems)

Azimuth Antenna 65,100 55,000 62,000 127.500
Elevation Antenna 59,500 49,300 57,800 57,800

Azi-uth Electronics * 77,000 152,400 152,400
Elevation Electronics " 78,300 154,900 154,900

Shelters N/A 41,500 41,500 41,500 1

Field Monitors 5,400 5,400 5,400 5,400
Remote Maintenance Monitors 4,900 4,900 4,900 4,903

Remote Control and status Panels 4,900 4.900 4,900 4,900

Integration and Test 4,800 10,600 11,100 11,700

Angle Equipment Cost 144,600 326,900 494,900 561,000

Dstance-Measuring Equipment Cost 44,200 45,200 55,400 55,400

Total System Cost 188,800 372,100 550,300 616,400

*Costs are included in azimuth antenna costs.

"*Costs are included in elevation antenna costs.
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rabla 3-6. MIS UNIT PRODUCTION COSTS FOR TH•MZ-YEAR PRODUCTION RUtN, 180 SYSTEMS

Cost by System Type(Constant 1980 Dollars)
Subsystem SCNLS Basic I Basic 11 Expanded

(180 Systems) (132 System•) (31 Systems) (17 Systems)

AXimUth A4tenna 63,500 52,400 58,200 115,600
Elevation Antenna 58,100 46,500 54,600 54,600

Azimuth Electronics * 75,700 149,800 149,800

Slevation Electronics 76,900 152,200 152,200

Shelters N/A 40,900 40,900 40,900 -.

field Monitors 5,200 5,200 5,200 5,200

RAmote Maintenance Monitors 4,900 4,900 4,900 4,900

PAMote Control and Status Panels 4,600 4,600 4,600 4,600

Integration and Test 4,400 9,500 10,000 10,500

Angle EqUipaent Cost 140,700 316,600 480,400 538,300

Distance-MeasUring yUi.pmant Cost 44,200 45,200 55,400 55,400

Total System Cost 184,900 361,800 535,800 593,700

*Costs are included in atimuth antenna costs.
"•Costs are included in elevation antenna costs.

Azimuth Antenna

Because all the electronics, transmitters, and power supplies were
included in the antenna enclosure, azimuth antenna costs for the SCMLS
included not only the antenna array, enclosure, and radome, but the cost
of the total azimuth subsystem. Azimuth antenna costs for the Basic ver-
sions of MLS included only the cost of the actual antenna subsystem -- in
this case, the costs of the antenna array, enclosure, radome, and any
electronics and power supplies particularly included in the antenna en-
closure. Additional costs associated with the Basic II configuration were
the result of redundant components. The Expanded configuration had
redundant components as well as a larger antenna and array.

Elevation Antenna

Elevation antenna costs for the SCMLS and Basic configurations were i:N
structured similar to azimuth antenna costs. Additional costs for the Ai,
Basic II and Expanded configurations were the result of redundant components.

Azimuth Electronics

SCOLS electronics costs were included in the azimuth antenna costs.
The additional Basic azimuth electronics costs represented the maintenance V
monitor cards, local control cards, electronics and maintenance power
supplies, transmitters, card chassis, electronics cabinet, and other
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electronic components separate from the antenna enclosure. Additional costs
for the Basic II and Expanded configurations were the result of redundant
components.

Elevation Electronics

Elevation electronics costs for the SCMLS and Basic configurations were
structured similar to azimuth electronics costs.

Shelters

There were no shelter costs for the SCMLS, because the electronics were
housed in the antenna enclosure. The weatherproof maintenance shelter was
included in the antenna subsystem cost.

Shelter costs shown in the tables represent the total cost for the two
shelters required for the azimuth and elevation subsystem electronics. The
shelters priced were 8 feet by 8 feet by 12 feet. The costs included the
environmental conditioning requirements, work benches, and junction boxes
expected to be associated with MLS shelters. The azimuth shelter cost

II approximately $3,000 more than the elevation shelter because of the required
auxiliary antennas.

Field Monitors

The field monitors priced were independent monitors for the azimuth
and elevation antenna sites and were similar to existing mast-type field
monitors used with the prototype Basic wide MLS. The same monitor type and
hence the same cost was used for both the SCMLS and Basic MLSs.

Remote Maintenance Monitors

The remote maintenance monitor (RMM) was considered to be a micro-
computer capable of collecting, storing, analyzing, and transmitting any
monitor data to a maintenance facility as req-ired. Included in the RMM
line was a modem for transmitting and receiving data. An RMM was included
with each azimuth and elevation subsystem; similar RMMs were used for SCMLS
and Basic MLSs.

Remote Control and Status Panels

The remote control and status panels consisted of a remote control
and status unit (RCSU) located in the tower or maintenance facility and a
remote status panel installed at an off-site facility. The remote status
panel was considered to be a simple device providing alarms and status
indications of each equipment. The RCSU was a much more complex unit having
not only status indications, but also subsystem-control capability. It
consisted of two power supplies, three PCBs, and the associated chassis and
connections.

We assumed that similar units would be provided for both SCMLS and
Basic MLSs.

3-13
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Integration and Test

The costs of integration and test shown in the tables reflect the costs
associated with integrating the subsystems into one complete MLS. This cost,
which is applied after all other parts have been manufactured or purchased
and subassembled, is associated with normal manufacturing practices and does
not take into account any extra-intensive testing that may be associated with
initial implementation of the MLS. Integration and test costs associated
with assembling the various subsystems were included in the subsystem cost
element.

Distr'nce-Measuring Equipment

Since DME equipment or costs were not specifically evaluated, DME costs
are listed in the tables as a separate line-item cost. In addition, DME for
the SCMLS may be a contract option, depending on the desired SCMLS installa-
tion. A DME cost was included in all of our SCMLS installations for the LCC
analysis.

The DME costs listed in Tables 3-3 through 3-6 were based on the unit
DOE costs associated with single and dual DME equipments purchased by the
FAA in 1977. Those costs were inflated to 1980 dollars. We assumed that
an MLS manufacturer would purchase rather than manufacture a DME for the
MLS; accordingly, appropriate manufacturing markups associated with all
purchased MLS materials were added to the baseline DME cost to determine
a baseline DME equipment price. An additional cost that may be expected
for integrating the DME with the MLS angle equipment was then added. For
the Basic versions, $2,500 was included as a test and integration cost,
because the DME could be installed in a cabinet inside the shelters where
adequate space would exist. A $10,000 cost was added to the SCMLS DME
price of $34,200 to reflect shelterizing the DME, because DME costs were
not investigated during this analysis, nor was an analysis performed to
increase the SCMLS enclosure size to include an integral DME. The $10,000
cost should be adequate to reflect either an integral DME included in the
azimuth SCMLS enclosure or an independent DME.

Constant DME costs were used throughout the production runs, because
the DMEs were treated as purchased items. We assumed that sufficient
quantities of equipment would be purchased for the 75-unit production run
to achieve the same price discounts that would be achievable with the
180-unit production run.

3,
Back Azimuth Equipment I,

Back azimuth equipment was not priced separately for unit acquisition
costs; however, it was included in the LCC analysis. Back azimuth equip-
ment, where used, was considered to be composed of the elements required in
an azimuth subsystem.

3-14

,"-'. . .81-. . -v-•--



3.2.2.3 Production Quantity Costs

The PRICE parametric cost model determines the devolopmm•nt and manu-
facturing costs for the equipment under analysis. The development cost is
constant for any quantity of equipment; the manufacturing cost is adjusted
to allow for the learning curve cost effect expected in larger quantity
procurements. The overall result is lower production costs associated with
larger quantity procurements, because the lower manufacturing costs and the
development costs are amortized over a larger number of equipment. The
product improvement factors input to PRICE resulted in a learning curve of
approximately 92 percent. Costs of purchased items did not change signif-.o
icantly with large production quantities, because they had been determined
on the basis of quantities of 100 or more.

For the purpose of this analysis, it was assumed that multiyear contracts
of three years would be let to allow new technology to be incorporated into
the MLSs every three years if desired and to allow for new manufacturers
entering the market. Both of these possibilities permitted the use of a con-
stant unit acquisition cost throughout the LCC study on the basis of the
premise that new technology or new manufacturers will cause continual
recurring costs, which will be amortized over any production run.

Tables 3-7 and 3-8 illustrate the development and manufacturing costs
associated with the SCMLS and Basic MLS configurations. Neither table re-S~flects a cost that may be associated with development of a design concept.

TAble 3-7. SCMLS DEVELOPMENT AND MANUFACTURING COSTS FOR THREE-YEAR PRODUCTION RUN

Quantity Manufacturing Costs
S yDe e (Millions of Constant 1980 Dollars)SSubsystem Development .

75 110 145 180
Systems Systems Systems Systems

Elevation Antenna 0.378 1.691 2.422 3.024 3.655

Azimuth Antenna 0.384 2.440 3.478 4.643 5.223

Electronics 0.441 5.914 8.602 11.239 13.841
Field Monitors 0.046 0.390 0.602 0.765 0.925

Remote Maintenance Monitors 0.003 0.377 0.560 0.741 0.923
Remote Control and Status Panels 0.133 0.356 0.494 0.628 0.759

Integration and Test 0.159 0.344 0.470 0.560 0.660

Total 1.544 11.512 16.628 21.600 25.986

Total Angle Equipment Production Cost 13.056 18.172 23.144 27.530
(Development plus Manufacturing)

Distance-Measuring Equipment Cost 3.315 4.862 6.409 7.956

Total System Cost 16.371 23.034 29.553 35.486
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20able 3-8. NAIC DEVELOPMENT AND MANUFACTURING COSTS FOR THREE-YEAR PRODUCTION RUN

Quantity Manufacturing Costs
(Millions of Constant 1980 Dollars)SDevelopment

Subsystem
75 110 145 180

Systems Systems Systems Systems

Elevation Antenna 0.916 4.501 6.210 7.893 9.114

Azimuth Antenna 0.924 5.346 7.446 9.369 10.875

Azimuth Expanded Antenna 0.416 0.232 0.306 0.402 0.471

Electronics 1.250 14.630 20.080 28.390 36.150

Shelters 0.102 3.212 4.684 6.120 7.516

Field Monitors 0.046 0.438 0.612 0.781 0.978

Remote Maintenance Monitors 0.003 0.387 0.571 0.752 0.936

Remote Control and Status Panels 0.133 0.356 0.494 0.628 0.759

Integration and Test 0.262 0.826 1.116 1.384 1.571

Total 4.052 29.928 41.519 55.719 68.370

Total Angle Equipment Production Cost 33.980 45.571 59.771 72.422
(Development plus Manufacturing)

Distance-Measuring Equipment Cost 3.594 5.268 6.952 8.626

Total System Cost 37.574 50.839 66.723 81.0481

PRICE identifies development costs associated with design, engineering,

management, and prototype tooling and equipment production, not concept

development.

The manut-cturing cost represents the cost of producin, the required
number of systems a2~d ihcludes parts manufactured and parts purchased for

the system. The manufacturing costs take into account the number of back

azimuth systems required to satisfy the assumption of 10 percent SCMLS and

20 percent Basic I. The Basic systems were apportioned between Basic I,
Basic I1, and Expanded configurations, as illustrated in Tables 3-3 through
3-6.

Development costs associated with the Basic configurations are approxi-
mately 2.4 times those of the SCMLS antenna costs and 2.8 times those of the
SCMLS electronics. The overall Basic development costs reflect the costs
associated with developing a 10 azimuth configuration and developing a
sheltered configuration. Similar development and manufacturing costs were
assumed for the field monxtors, RMMs, and RCSUs for the SCMLS and Basic

~ I configurations.

Figure 3-3 illustrates the downward trend in SCMLS unit system costs,
even as total production costs rise with increased systems produced. Pro-
duction costs include back azimuth systems and development costs. DME costs
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Sare not included in. Figure 3-3. A similar figure is not provided for the
Basic configuration because of the mix of systems (Basic I, Basic II, and
Expanded) involved in any given production quantity. The system cost
associated with any Basic configuration would be reduced, because the -

total parts would be manufactured for all three configurations.
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CHAPTER FOUR

GROUND LIFE-CYCLE-COST MODEL COMMON PARAMETERS

This chapter addresses the development of the data items that were
treated in the economic analysis 's being common to any MLS configuration
or pertinent to the total system implementation. These items included the
estimated installation costs of each configuration, the implementation plan,
and the maintenance scenario used in the life-cycle-cost analysis.

4.1 INSTALLATION COSTS

Installation costs for ground equipment fell under such categories as
site preparation and construction, actual equipment installation an. zheck-
out, and flight check and certification. Rather than viewing MLS i
tions in these categories, we chose to evaluate the total instalitzol. Cost
in terms of personnel, equipment, and material costs required, as -1. as
trenching and flight inspection costs. Documents used to develop Lne
rationale for thase costs were NASA Technical Memorandum 78588 of August
1979, Site Preparation and Installation of the Prototqpe Texas Instruments
Basic Narrow Configuration Microwave Landing System; FAA Handbook 6750.16A,

Siting Criteria for Instrument Landing Systems; FAA Specification FAA-E-2492
for Turnkey ILS; and FAA Order 6750.22, National ILS Establishment Con-
tracts -- as well as Bendix documents pertaining to the Basic wide MLS instal-
lation at.NASA Wallops Island, and Hazeltine drawings for SCMLS installations.

Table 4-1 illustrates the expected MLS installation costs for each

type of system. The costs were developed around a concept of the SCMLS
being installed on a 6,900-foot runway, Basic on a 9,800-foot runway, and
Expanded on a 15,900-foot runway. These runway lengths are approximate
average distances, taken from the MLS TDP. The complete development of
installation costs is expla'ned in Appendix B. All costs were based on a
split-site configuration.

Personnel costs shown in Table 4-1 represent the costs of FAA regional
personnal, MLS contractor personnel, and subcontractor personnel actually
involved in constructing the site. Equipment costs include the costs for
equipment such as trucks, graders, excavators, and cranes actually used in
constructing the site, as well as $1,800 assumed for preflight inspection

flights. Material costs include costs associated with concrete, reinforc-
ing rods, anchor bolts, and so forth. Cable material costs and the labor

required to lay the cable are included in the trenching costs.
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A
Table 4-1. MICROWAVE LANDING SYSTEM INSTALLATION COSTS

Cost by System Type
(1980 Dollars)Cost Category

SCMLS Basic Expanded

Personnel 48,000 65,900 84,000

Equipment 8,500 9,400 9,400

Material 8,000 13,000 13,000

Intersite Trenching 38,300 64,900 97,200

Cable to Remote Control/Status 26,500 26,500 26,500

Roads and Power 23,400 23,400 23,400

Total Nominai Site Cost 152,700 203,100 253,500

Total Difficult Site Cost* 305,400 406,200 507,000

Weighted Average Site Cost** 167,970 223,410 278,850

Flight Inspection Cost 25,320 37,020 48,720

Total Costt 193,300 260,400 327,600

*One hundred percent increase over nominal site cost.
**Ninety percent nominal site cost plus 10 percent difficult

site cost.
tRounded to nearest $100.

The total nominal site cost is an accumulation of all costs associated
with site preparation, construction, equipment installation, and initial
on-site certification. This is an average cost developed through Means
Building Construction Cost Data, which are widely used by the construction
industry and the FAA fc:, estimating costs. Costs can easily vary by geo-
graphic location and site geological composition. Nominal site costs do
not include any tunneling under runways. With a nominal tunneling cost of
$245 per foot, an additional $25,000 to $40,000 (depending on runway width)
could quickly be added to any site requiring tunneling. To compensate for
some of these expected variations, we established a total difficult site
cost with a 100 percent increase over the nominal cost. This assumption
may be compared to FAA Report EM-80-7, which shows that difficult sites
could easily exceed nominal costs by 130 to 150 percent. We developed a
weighted average site cost by assuming that 10 percent of the installations
would be difficult. We used the 10 percent assumption rather than the 25
percent assumption used in the cost benefits analysis, because there are no
assumptions made that construction at some sites may be easier than normal.
For these sites, according to Means Construction data, the cost may be
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expected to be 25 to 35 percent less than average. In addition, runway
lengths may be less than the maximum lengths assumed for each type of system.

Flight inspection costs were added to the weighted averiage site cost
to determine a total cost for MLS installation. Flight hour costs are the
airways facilities-projected 1980 composite flight inspection rate. The
costs shown in Table 4-1 were used in the LCC analysis.

Sites involving a back azimuth system for the SCMLS or Basic configura--
tion were assumed to incur an additional cost for this installation. We
assumed that there would be an additional 2,000 feet of trenching from the
evaluation site to the back azimuth site for SCMLS or Basic. The additional
costs would be for the trenching to monitors and the concrete pads. It was
assumed that the back azimuth installation would be the same as the front
azimuth sites for both configurations. No additional personnel or equip-
ment costs were assumed for back azimuth sites. The installation cost
associated with the Basic back azimuth configuration was $5,200 for material
and $19,900 for intersite trenching, for a total of $25,100. The SCMLS
back azimuth installation cost was $2,500 for material and $11,300 for
intersite trenching, for a total of $13,800.

The costs shown in Table 4-1 are those that relate only to MLS installa-
tion. We did not assume any cost advantages that may be available because of

existing ILS facilities.

4.2 MLS IMPLEMENTATION

A major factor in the LCC analysis was the implementation schedule for
the MLS. The implementation schedule drives the production quantities per
year Lnd the operations and maintenance costs per year and cumulatively.
The following factors were addressed in determining an implementation
schedule:

• Type of MLS to be installed -- Basic or SCMLS

# Category of service (I, II, or III)

• Year of installation4 Type of airport to be equipped with MLS

In the Draft Microwave Landing System Transition Plan of 20 October

1980, the FAA identified and examined 10 possible strategies for develop-
ing the MLS. A computer model was developed to evaluate each strategy with
respect to operational and economic considerations. The model used the
following basic types of data:

. Implementation strategy

* Numerical parameters

° User class benefits

4-3P
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Ground and airborne system LCCs

MLS establishment criteria

Avionics eqaipage trends

Factors used in apportioning annual instrument approaches (AIAs)

Using the model as an evaluation tool, the FAA determined that there was no
statistically significant economic rationale for choosing between implemen-

tation strategies. Therefore, the drafc transition plan pointed out that
the "choice between strategies must depend upon operational consider'tions
or on the special opportunities for improved precision guidance service
created by the installation of MLS equipment." Since a final transition
strategy had not yet been decided, it was necessary to pick one for the LCC
because of the time constraints of the study.

Implementation strategy 9 was selected, because it was the preferred
strategy in the Draft Precision Approach System Transition Plan of 7 June
1979. In that plan, strategy 9 was considered to be superior with regard
to schedule and operational considerations. Although this strategy was
implemented in the LCC study, the economic analysis model was structured
with adequate flexibility to allow any implementation strategy to be used.

Both draft transition plans offer the planned system distribution 5"
the year 2005, as shown in Table 412. The Category I systems are not speci-
fically divided between SCMLS and Basic systems, although both transition
plans provide for the installation of the SCMLS on a majority of the runways
at nonhub and general aviation airports that qualify for a Category I system.
For this analysis, it was assumed that 50 percent of the Category I systems
were SCMLS.

Table 4-2. DISTRIBUTION OF MLS BY YEAR 2005

Expected Number of Systems
b-, Category

Airport Type Total
I II III

(SCMLS/Basic) (Basic) (Expanded)

Large Hub 170 37 47 254

Medium Hub 108 31 15 154

Small Hub 224 94 0 318

Nonhub 307 26 0 333

General Aviation 118 0 0 118

Total 927 188 62 1,177
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Using the airport MLS distribution data presented in the June 197')
draft transition plan, and linearly interpolating bet'ten years, wu duvel-
oped the implementation schedule for the MLSs used for this LCC analysLs.
Table 4-3 presents the implementation schedule and shows the additiconal
azimuth systems required to satisfy the requirements for back azimuth at N

20 percent of the Basic MLS sites and 10 percent of the SCMLS locations.

in using the implementation schedule in the EAM, we assumed that
systems would _e acquired beginning in 1985 and deployed two years after
acquisition. Because of the dependency of the life-cycle cost on the
implementation plan, the EAM was designed with a flexibility to investi-
gate other implementation strategies. These other implementation plans
are discussed in Chapter Six.

4.3 MAINT3NANCE SCENARIO

For the purpose of this study, it was assumed that the centralized
maintenance concept would be used for all ground system maintenance. All
skill levels, labor rates, productivity, and travel times were determined
o-. this basis. RMM equipment was included in all ground systems. To
implement the RMM centralized maintenance concept for the MLS, we updated
the findings of ARINC Research's June 1978 Quick-Look Analysis of Key
Factors Associated With the Federal Aviation Administration Airways
Facilities Remote Maintenance Monitoring System Concapt.

The maintenance scenario used in the life-cycle-cost model (LCCM)
considered two levels of repair -- on-site and off-site maintenance. On-

site maintenance consists of removal and replacement of failed modules
or their component parts (submodules), actual repair of a small fraction

of these failures at the system site, and preventive maintenance actions.
Off-site maintenance encompasses all other maintenance activities asso- 1
ciated with a system failure.

it was assumed that throughout the life cycle of the MLS ground system
there would be 75 base repair facilities, as stated in the MLS LCC program
plan. While this parameter could be varied in a sensitivity analysis to
determine the effect of a greater or lesser number of repair stations on
the costs of system maintenance, that effort was not included in the scope
of this study.

Using the ýcncralized maintenance concept, we assumed the following
four levels of module repair:

. Discard and replace (for units whose replacement costs are less
than repair costs)

0 On sit- for units that cannot be reasonably transported)

. Central repair group at the hub (for units that can be repaired
with sector diagnostics and repair tools)

0 Depot (for units requiring special diagnostics and repair tools)

4-5
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4.3.1 On-Site Maintenance

The sceaario used in calculating on-site maintenance costs and person-
nel requirements was adapted from ARINC Research Corporation'- Facility
Maintenance Cost Model, described in AAF Report 220-78-01, Volumes I and
III. On-site maintenance actions include preventive maintenance (PM) and
corrective maintenance (CM) activities. The number of repair personnel
required was calculated on the basis of the expected PM and CM demand for
the system under evaluation.

PM cost is determined by the maintenance man-hours required to perform
the PM functions applicable to the system under evaluation, as well as the
travel time and mileage to the site. Three maintenance man-hours per PM
visit were assumed to be sufficient to allow completion of all required PM
actions, given a rate of two PM visits per site per year. Travel time and
mileage were computed using the assumption of a homogeneous distribution cf
system sites and repair facilities throughout the continental United States
(i.e., each repair facility was given maintenance responsibility for the
same number of system sites), an average travel speed of 35 mph, and a

travel cost of 21€ per mile. These and other assumptions affecting the
maintenance scenario are shown in Figure 4-1.

CM actions are those initiated by a system failure and consist of
removal and replacement actions and a small amount of on-site repair for
items such as the antenna enclosure. The failure may be castastrophic,
caused by a component failure, or it may be caused by performance degrada-
tion below the tolerances specified for site operation. Either type of
failure would normally require replacement of modules, submodules, or
entire systems, depending on the severity of the failure.

The remote maintenance monitoring system concept used in developing
the LCCM provides systems at the central facilities (bases) for monitoring
the r- " system site performance. The LCCM assumes that all failures are

schedu for immediate repair when the need for corrective maintenance is
establisned and reported to the responsible hub by the RMM.

CM costs include.those for travel time from the technician's normal
duty station to the failed unit site, test and diagnostic setup time, fault-
isolation time, time to remove and replace or repair, operational test time,
travel time back to the technician's normal duty station, and mileage to
and from the failed system site. CM travel time and mileage were computed
using the assumptions described for preventive maintenance.

For tris evaluation, test and diagnostic setup time, fault-isolation
time, and operational test time were represented by a single variable. The
value assigned to this variable was determined on the basis of three impor-
tant assumptions. First, the RMM concept was defined to have the ability
to report not only the event of a system failure, but the components that
most likely caused the failure, thus reducing the amount of time Lequired
at the site to fault-isolate and test. In most cases the technician would I
simply obtain the necessary replacement parts from inventory and carry them

4-7
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There are 75 remote maintenance monitor (RMM) computer sites (hubs).

There are three depot repair facilities,

The area of the continental United States is 3 x 106 square miles.

The average travel speed is 35 mph.

The cost of travel is 21t per mile. i

The average facility repair time at a remote site for equipment
too large to be taken to a hub is 16 man-hours.

Ninety-five percent of the equipment taken to a hub for repair is re-
paired at the hub; the remaining five percent is repaired at a depot.

The average equipment repair time at a hub or depot is three hours per
item.

The turnaround time for equipment repaired at a hub is 5 days; the turn-
around time for equipmert repaired at a depot is 60 days.

The following labor rates were assun d:

Journeyman technician - $30,329 per annum

Base-level repairman - $36,234 per annum

Depot-level repairman - $42,907 per annum

A facility will be visited twice a year.

A minimum staff of five people plus one floater (providing coverage of
24 hours a day, 365 days a year) will be assigned to each maintenance
office.

Maintenance manpower will be computed to yield a probability of 0.84
that a technician will be available when required.

Spare quantities will be computed to yield a probability of 0.50 that a
spare will be available when required.

Figure 4-1. BASELINE CASE ASSUMPTIONS

to the site. However, because the model assumes only one person per CM
action, and many system failures may require the presence of more than one
repair technician (e.g., a power supply failure), the time required to
effect repair at the site would be increased. The assumption of more than
one person per CM action would be applicable to the times required to remove
and replace or repair failed components as well.

4.3.2 off-Site Maintenance se

off-site maintenance costs are costs incurzed when a failed component
is not repaired at the system site but is brought to the hub, or base, for
Srepair. These expenses include the costs of materials, labor, shipping,

4-8
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and failure documentation. For this analysis, it was assumed that modules art,
alwa.,s repaired at the site by replacement of submoduies, and that submodules
are normally repaired at the base or depot. It was also assumed that the
equipment manufacturer would provide the required depot support.

11inety-five percent of all off-site ,epairs were assumed to be per-
formed at the base level with the remaining five percent performed at the
depot. Repair times attributed to each module and submodule allow for
the time .equired to document a failure and the corresponding repair action
in addition to the actual time required for repair. If the failed component
is determined to be nonrepairable, either because it has been too severely
damaged or it is a "throw-away" item, it is simply discarded and replaced
with a new component. Otherwise, the failed item is assessed and then re-
paired at the base or depot, depending on the complexity of repair requ• ed.

If the necessary repair action is beyond the capability of the base
repair personnel, the submodule is packaged and shipped to the depot for
repair. Because of the number of systems procured over the lifetime of the
system implementation, three depots were presumed for this analysis to
allow for a competitive pcsture while ensuring adequate production quantitiesper manufacturer.

Once the failed unit arrives at the depot, it is repaired, incurring
labor and materials costs peculiar to the particular submodule under repair.
The maintenance action performed is documented, and the repaired item is
shipped back to the base, thus completing the maintenance cycle.

It was assumed that a pipeline time (turnaround time) of 60 days would
be assigned to those items returned to the depot 'or repair, while a five-
day pipeline time would be assigned to items repaired at the base level.
These pipeline times, along with the base and depot stocking objectives and
order and shipping times for modules and submodules, would affect the
number of spares of each type held in inventory at the base and depot levels.
A shorter pipeline time at either the base or depot would result in fewerspares being held in inventory; thus a tradeoff would exist between the
amount of time allotted for module and submodule turnaround and the number
of spares in inventory. A decrease in the turnaround time would result in

a decrease in spares inventory and thus a lower cost. Conversely, an
increase in turnaround time would result in an increase in spares inventory
and a corresponding increase in cost.

4.3.3 Maintenance Actions

Maintenance actions required by the model are based on the serial reli-
ability of each subassembly making up the total system rather than on the
system operational availability. Each subassembly, from the electronics
to the waveguide elements, has au assigned MTBF as determined by PRICE or
GIFRDE data. This means that the sparing and maintenance actions calculated
by the LCC model included spares and maintenance actions for antenna chassis,
radomes, and shelters, as well as the active electronics. Typical MTBF
values are shown in Appendix A.

S~4-9
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CHAPTER FIVE

INDIVIDUAL AND SYSTEM COSTS FOR MLS
GROUND SYSTEM IMPLEMENTATION

5.1 COST MODEL

To evaluate the LCC of the ground MLS equipment, ARINC Research
Corporation adapted and updated its economic analysis model by incorporating
the Facility Maintenance Cost Model developed under Contract DOT-TSC-1173-2
into the EAM. This allowed increased analysis of costs peculiar to the
centralized maintenance concept.

The model has been programmed in FORTRAN IV+ for use with a Digital
Equipment Corporation PDP-11/34 minicomputer. It computes the expected
annual and cumulative acquisition, installation, and logistic support
costs for each concept. The program is flexible to accommodate data changes,
sensitivity evaluations, or additional data outputs. Appendix D documents
the program features and mathematical formulation of the EAM; Appendix E is
a program listing of the EAM.

5.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL

The data developed in Chapters Three and Four constitute only a portion
of the data required to compare systems or establish the cost of imple-
mentation. All the data necessary to establish the cost of implementing
the MLS were developed through research conducted by ARINC Research Corpora-
tion for this contract and others. A complete list of the parameters
influencing the LCC evaluation is tabulated in Appendix F. All the
parameters considered to be influential when evaluating the relative costs
and reliability of the system have been programmed into the cost model.

5.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS MODEL

The ARINC Research EAM computed annual and cumulative acquisition,
installation, and logistic support costs for each MLS configuration and
deployment concept as well as for the total system implementation. The
model was programmed to print out data for three additional years beyond
the assumed installation period of 1987 through 2006 to aid in evaluating
the effects of maintenance and logistics costs after system implementation.

5-1
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This chapter presents the results derived from the model on the basis
of the parametric inputs provided for the different MLS configurations.
Acquisition, installation, and recurring logistic support costs are identi-
fied separately for each system type. Because of the quantity of data
generated with six MLS configurations and four production quantities, most
of the data are presented in summary form for one production quantity or
one MLS configuration. The data presented were selected as being representa-
tive of any of the cost trends that might be expected with any production
quantity. Complete LCC data for the six configurations are contained in

Appendix C for a 180-system production run.

Each system costed was unique in its configuration, and the configura-
tion was chosen for a particular utility. Accordingly, the systems were not
compared with each other in terms of cost.

5.3.1 Life-Cycle Cost

Life-cycle cost -- the cumulative cost of system implementation
(including the total costs of acquisition, installation, and nonrecurring

and recurring logistic support) -- offers the best insight into the total
cost of implementing the MLS.

Elements of the life-cycle cost are summarized in Tables 5-1 and 5-2
for a 75-system production run and a 180-system production run, respectively.
These are the two extremes of the unit acquisition cost analysis. The
tables include the initial investment costs (acquisition, installation,
and nonrecurring logistics) and the continuing operations and maintenance
cost (recurring logistics). The total system cost is based on a 25-year
life-cycle analysis. A life cycle of 25 years was used in order to project
the recurring logistics cost trends on the total life cycle independent of
the investment cost impacts.

The cost-model outputs of Tables 5-1 and 5-2 are based on the data
developed in Chapters Three and Four. A 3 percent factory inspection cost
for all systems is included, in accordance with FAA practices. The out-
puts are in constant 1980 dollars (zero inflation rate) to permit comparison
of costs with those of any other life-cycle study of comparable length,
regardless of the start of implementation, providing that the base costs
are presented in 1980 dollars. Discounted costs are presented in Section
5.4.

A comparison of Tables 5-1 and 5-2 illustrates the expected decrease
in costs associated with increased manufacturing quantities. The largest
decrease is in the acquisition cost of the total systems. The acquisition

cost of $420.352 million for 180 systems is approximately 11.4 percent less
than that for the 75-system production run when compared over the entire
LCC. Both the nonrecurring and recurring logistics total LCCs for the 180-
system production run are only about 6.7 percent less than those for the
75-system production run because of the number of cost elements in those cost
categories which are independent of production quantity. These cost elements
include all data elements such as inventory management, training, and

5-2
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data management other than spares. Installation costs do not change
with production quantity, because those costs are site-dependent and
hardware-independent for system configurations having an assumed average
installation cost. The overall effect of the production quantity price
reduction is a reduction of approximately 7 percent in the total life-
cycle cost -- from $1,258 million for the 75-system production quantity
to $1,168 million for the 180-system production quantity.

The 180-system production run was selected to determine cumulative
LCCs year by year. Figure 5-1 illustrates the LCC trends on a yearly
basis. As is the case with all tables and figures in this chapter, Figure
5-1 is applicable only to the implementation strategy chosen; it more clearly
reflects the impact of each cost category on the overall LCC. Acquisition
costs were assumed to start at the beginning of the life-cycle period with
the purchase of the first systems and stop after 20 years, which was the
assumed acquisition period. Installation costs would start with the
deployment of the first systems, which was assumed to begin two years after
acquisition and run for 20 years. Recurring and nonrecurring logistics
costs have been combined to project the total logistic support costs. These
costs were also assumed to begin in the second year following acquisition
and continue through the life of the system. Figure 5-1 also shows that the
acquisition period is complete after 20 years, and that the installation of
all. systems will have occurred within 22 years after program initiation.

Figure 5-1 reflects the total system implementation; a single-system
configuration implementation is illustrated in Figure 5-2 for the Basic I
system and in Figure 5-3 for the SCMLS configuration. These figures are
similar to Figure 5-1 in the general trend of the curves and are considered
to be representative of the various configurations. All three figures show
acquisition costs to be a dominating factor in the life cycle. Logistics
costs will continue to accrue once the system is in place. Figure 5-3
illustrates the close relationship between the acquisition, installation,
and logistics costs for the SCMLS configuration.

5.3.2 Logistic Support Costs

Logistic support (operations and maintenance costs) is the most com-
plex of the cost categories. Acquisition and installation costs are depen-
dent on the number of systems bo-ight and deployed. Logistic support costs,
on the other hand, are dependent on the cost of each subassembly of the
total system, the implementation schedule, and the expected failure rates
and costs of repair. Also included in logistic support costs are the costs
of documentation and training associated with the new system.

Figure 5-4 illustrates the total logistic support cost taken from j
Figure 5-1, as well as its two component parts -- nonrecurring and recurring
logistic support costs. Table 5-3 presents the nonrecurring and recurring
logistic support costs by cost element. The data management cost associated
with the SCMLS is larger than that for any Basic configuration because of the
uniqueness of the SCMLS and the commonality among the Basic configurations.
The EAM used commonality among systems as a factor to reduce costs incurred.

5-4
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Tabla 5-3. CUMULATIVM LAG!STIC SUPPO•Tr L)STS FOR MLS GrlmlD SY:.TI•.,

'oat by System Typeo
(MtiL.one of ConxtAnL L980 PItni,•A .

s mI 14: PAM': I I EXpeindoage .L'k& tmh Xa.'k Amimuth at:1t x'•,d

Nonrocurrinq C

spares. 7.674 2.138 13.021 2.51k 11 .03 10.341 47.491

Inventory Mar'ctment 0.036 0.000 0.037 0.000 0.037 0.037 0.147

Snop.ort Equipment 0.191 0. 190 0.09H 0.(.9R 0.098 0.098 0.772

Trsnnini n.660 0.033 1.189 n.123 0.775 0.278 3.058

Data Mallagement 15.720 0.000 7.860 0.000 7.P60 7.860 39.300

Transportation 0.424 0.025 0.770 0.117 O. "5 L.112 1.783

ITtl24.704 J 2.386 22.977 2.850 20.908 IS 726 92.551

Recurrinq Costs

Spares* 29.540 3.171 65.003 9.276 36.132 24.891 168.013
1. on-site Maintananco 26.056 1.418 44.955 4.197 :1.590 9.286 ios.102

Wf-Sitn Maintenance 14.220 0.342 21.130 1.197 1.457 3. 4A1 48.147

inventory Management 0.104 0.000 0.107 0.000 0.102 0.102 0.415

Support Equipment 0.011 0.000 0.0139 0.002 0.030 0.014 0.096
Training 0.963 0.050 1.bHHl 0.176 0.812 0.347 4.036

Data Management 7.176 0.000 2.113 0.000 2.059 2.059 13.447

Facilities 1.794 0.000 1.794 0.000 1.716 1.716 1 7.020

site operation 4.15c 0.210 10.sq4 0.397 5.478 2.264 j23.099

Total 84.020 j 5.191 148.263 15.845 75.336 40.720 j 172.375

*Spare* costs are based on a three-year production run of 1P0 SCMIS or 180 Basic systems.

5.3.2.1 Nonrecurring Logistic Support Cost

Nonrecurring logistic support costs are costs associated with the
initial deployment of a system -- including costs for providing the initial
spares and support equipment required to stock the pipelines and all
maintenance facilities, for introducing new coded supply items in the user
inventor/i, for training maintenance personnel to work on the MLS equipment, P

for providing the necessary technical manuals and other documentation, and
for transporting the system to its initial destination. All of these cost
elements and their equations are explained more fully in Appendix D.

Nonrecurring costs occur when the system is deployed. This is the rea-
son for the large jump in the LCC shown in Figures 5-1, 5-2, and 5-3. Figure
5-4 illustrates comparatively little growth in the no .-. urring logistics
curve over the life cycle. This is to be expected, because once the sys-
tem is introduced, most costs become recurring. ilowever, stocking objec-
tives must be maintained at constant levels. Speres lost to accidents,

theft, or in the pipeline are accounted for by the condemnation factor and
replaced as nonrecurring.

-5--

.d.. . .,



"5.3.2.2 Recurring Logistic Support Cost,

Recurring logistic support costs are costs associated with operating
and maintaining the deployed MLS over its active life. Figure 5-4 illustrates
the expected increase in recurring logistic support cost as the number of
systems deployed is increased. The major contributors to recurring logistic
support costs are the c03ts associated with spares and on- and off-site
maintenance.

Other recurring logistic support costs include those for operating
the MLS sites and the maintenance support equipment when used, training
additional MLS maintenance personnel as a result of repair personnel turn-
over, and keeping the technical documentation current over the life of the
system.

The facilities cost element represents the recurring operating cost
of the hub or depot maintenance facility, which is apportioned to the MLS.
This includes costs for rent, electricity, and general tools. It was
assumed that no new maintenance facilities would be required for the MLS,
sinceall maintenance would be performed within the centralized mainte-
nance hub. Therefore, all required central monitoring equipment was con-
sidered to be in plate at the facilicy. Facility costs were assumed to
be a fixed $1,000 for each MLS configuration (other than back azimuth)
associated with each maintenance hub over the entire life cycle.

The recurring on- and off-site maintenance costs illustrated in Table
5-3 include the cost of labor and the material cost of repair associated
with each maintenance action. On-site maintenance includes both corrective
and preventive maintenance; off-site maintenance includes both hub and depot-
le el repair.

Table 5-4 illustrates the cumulative labor costs associated with main-

taining the various MLS configurations over the 25-year life cycle. These
costs are dependent on the implementation strategy employed and the MTBF
associated with each subassembly of each MLS configuration; they are
independent of the actual cost of the MLS system or subassembly, however,
because they are predicated on actual maintenance hours required.

S~On- and off-site maintenance costs were calculated on the basis of;

maintenance hours devoted to the MLS rather than the cost of maintaining O
minimum maintenance staff capable of providing 24 hours of maintenance
coverage for the MLS. To calculate training costs, we assumed that a
minimum staff of five people plus one floater would be assigned to a mainte-
nance hub, although these personnel would not be dedicated to the MLS. We
computed the training costs so that there would be an 84 percent probability
that a technician would be available to work on the MLS when required.

More interesting are the expected annual maintenance costs associated
S... full system deplo.lment. These costs are presented in Table 5-5 in both
a.ý..&ars and the expected annual maintenance hours required for each system

5-10
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configuration and the four maintenance categories. These costs assume that
the maintenance sienario of Chapter Four is used; they are illustrated for
the twenty-fifth year of the life cycle. Therefore, they include replace-
meant of shelters, antennas, chassis, and other items that would be repiaced
on site.

5.4 DISCOUNTED LIFE-CYCLE COSTS

OMB Circular A-94 requires that life-cycle costs be discounted to
reflect the opportunity cost of money. This means that money spent during
a particular year has a greater impact on cost than does money spent one
year later (assuming that all economic factors remain constant). The
expected opportunity cost is the fact that the money spent could have been
invested to yield a rate of return. OMB specifies that because the expected
rate of return is 10 percent, money should be discounted at 10 percent.
Thus, one 1980 dollar will be worth approximately 624 in 1985 when the MLS
acquisition begins, 150 when acquisition ends, and 91 when the life-cycle
analysis is terminated.

We discussed the as.*umption of a 10 percent discount with OSEM-200
personnel and developed best-case and worst-case economic scenarios for the
next eight years. We considered productivity, cost of capital, inflation

rates, and expected technological changes. The variability in rates when
these considered factors were combined predicted a rate of return of 9 per-
cent in the worst case and 10.5 percent in the best case. Since these
numbers very nearly reflect the requirements of OMB A-94, a discount rate
of 10 percent was used for our analysis.

The tabulated results for a production run of 180 systems is shown in
Table 5-6; the cumulative total is graphically illustrated in Figure 5-5
and compared with the total nondiscounted LCC of Figure 5-1.
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CHAPTER SIX

SENSITIVITY OF THE MLS GROUND SYSTEM COST
ANALYSES TO PARAMETER VARIATIONS AND ALTERNATIVE ASSUMPTIONS

When the data in Chapters Three, Four, and Five were developed for the
cost analyses of the MLS ground system concepts, assumptions had to be made
regarding system configurations, reliability, and implementation scenarios.
A change in these assumptions would affect the overall costs. Because of
this fact and the fluid environment in which MLS decisions are necessarily
made, the EAM was exercised to determine cost sensitivity to alternative
scenarios.

The cases considered in these other scenarios were as follows:

"* Sensitivity of life-cycle costs to variations in system MTBFs

"* Shelters vetsus weatherproof enclosures for Basic I MLS sites

"• Use of an azimuth beamwidth of 2' in lieu of 30 for the SCMLS

"* Coverage of 400 for the SCMLS

"* Implementation strategies

"* Production schedules for MLS equipments

6.1 SENSITIVITY OF LIFE-CYCLE COST TO VARIATIONS IN MTBF

In an economic analysis of any system, MTBF is usually difficult to
predict accurately. However, it has a major impact on the life-cycle cost,
especially when the spares cost is statistically dependent on the MTBF of
each subassembly. Because we took the MTBF from PRICE or GIFRDE data instead
of conducting an in-depth reliability analysis of the MLS subassemblies, we
evaluated the effect of variations in MTBF on the life-cycle costs of MLS
ground systems. Figure 6-1 illustrates the effect that variations in the
parametric MTBFs would have on the life-cycle costs predicted for the various
MLS configurations and for the entire system implementation.

Since each MLS configuration has a unique MTBF, the configurations were
normalized to allow a comparison of systems and a projection of the impact
that variations in MTBF would have on the total system implementation. I
Figure 6-1 illustrates that in general, the LCCs of the SCMLS, Basic II, and
Expanded configurations are relatively insensitive to variations in MTBF.The Basic I configuration appears tc be the most sensitive, as it lies the
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farthest on the knee of the cost-versus-MTBF curve. This insensitivity to
MTBF is not unexpected, because in the centralized maintenance scenario,
maintenance costs are not a dominating cost driver in the LCC. This is;
easily seen in Table 5-2, which shows that recurring logistics, installa-
tion, and acquisition costs are of the same relative magnitude, and in Tale0
5-3, which shows that of the recurring and nonrecurring logistic support
costs, maintenance-peculiar items make up only about 13 percent of the
life-cycle costs.

The total implementation curve in Figure 6-1 shows the cumulative
effect of MTBF variations. The curve trend appears to be dominated by the
Basic I system, which is expected because of the number of these systems
implemented. The normalized MTBFs sho,- i.n Figure 6-1 are total system
serial reliabilities and include not on. -tive electronics, but enclosures,
air conditioners, and all the peripheral equipment that make up a complete
MLS configuration.

6.2 SHELTERS VERSUS WEATHERPROOF ENCLOSURES

The MLS is designed to be installed with weatherproof enclosures or in
shelters. Redundant electronics associated with the Basic II and Expanded
configurations are expected to be housed in shelters because of the quantity
of equipment; SCMLS equipment is expected to be housed in weatherproof enclo-
sures because of the small quantity of equipment. Basic I equipment may be
housed in either weatherproof enclosures or shelters, depending on the g
desired implementation policy. Since the baseline analysis was directed
toward a Basic I configuration in a shelter, we investigated the alternative
scenario of Basic I housed in a weatherproof enclosure.

We assumed a packaging of the electronics in nonenvironmentally con-
trolled, weatherproof cabinets, with an assumed cabinet cos' of $1,500. The
shelters and air conditioners were eliminated, for an approximate saving in
equipment costs of $35,000. Installation costs were also reduced by the
elimination of the shelter concrete pads, the wiring and trenching from the
shelters to the antennas, and the waveguide-pressurization requirement. This
resulted in a reduction in installation costs of approximately $35,000. The
total reduction per installation was $70,000. No repackaging of DME was
considered.

Table 6-1 compares the life-cycle costs associated with Basic I shelters
and weatherproof enclosures. Acquisition costs are reduced by approximately
10 percent and installation costs by 13 percent. The costs of nonrecurring
logistics are approximately the same, as is expected, since, as illustrated
in Table 6-2, the initial nonrecurring costs are overwhelmingly influenced
by initial spares, training, and data management. These costs would not
change if the equipment reliabilities were not affected by the weatherproof IA
enclosure. There is a small change in initial shipping costs because of the
r.duction in shipping weight.

6-3
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Table 6-1. LIFE-CYCLE COS1J.S FOR BASIC I MLS
SHELTER CONFIGURATIONS, BASED ON
THREE-YEAR PRODUCTION RUN, 180BASIC SYSTEMS

l4-

Cost by Configuration
(Millions of Constant

Cost Category 1980 Dollars)

Shelters WeatherproofEnclosures

Acquisition 172.930 155.818

Installation 120.826 104.725

Nonrecurring Logistics 22.977 22.734

Recurring Logistics 148.263 130.622

Total 464.996 413.899

With the exception of recurring spares, Table 6-2 shows no basic change
in recurring costs. These recurring spares are the shelters themselves.
Each shelter was assumed to have an MTBF of 15 years. A deployment of 464
Basic I systems would require 928 shelters. Under the implementation sched-
ule of strategy 9, the MTBF over a 25-year life cycle would necessitate
replacement of 528 of these shelters at a cost of approximately $10.3 mil-
lion (1980 dollars). Figure 6-2 graphically illustrates the life cycle for
a shelterized Basic I MLS and a Basic I MLS in a weatherproof enclosure.
The total life-cycle cost for a weatherproof-enclosed Basic I configuration
is approximately 11 percent less than that for a sbelterized Basic I config--
uration for the given implementation strategy.

6.3 AZIMUTH BEAMWIDTH AND COVEPAGE FOR SCMLS

The thinned-array SCMLS configuration of 30 azimuth and 20 elevation
is representatic. of the prototype SCMLS. The 30 azimuth beamwidth could be
runway-length constrained under conditions of severe multipath. A configu-
ration with a narrower beamwidth would obviously be less constr-ined. The
SCMLS configurations were also limited in proportional guidance coverage to
+100 because of the thinned-array technique employed. To investigate cost
versus versatility of the SCMLS configurations, we assumed a new design for
a 20 azimuth beamwidth SCMLS and a +400 proportional guidance azimuth SCMLS.

6.3.1 20 Azimuth Beamwidth SCMLS

To obtain a 20 azimuth beamwidth SCMLS, we expanded the azimuth chassis
and radome to accommodate 4 additional phase shifters and 16 additional
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Table 6-2. CUMULATIVE LOGISTIC SUPPORT COSTS
FOR BASIC I MLS SHELTER
CONFIGURATIONS

Cost by Configuration
(millions of Constant

C1980 Dollars)Cost Category

Shelters Weatherproof
Enclosure

Nonrecurring Costs

Spares* 13.023 13.023

Inventory Management 0.037 0.037

Support Equipment 0.098 0.098

Training 1.189 1.182

Data Management 7.860 7.860

Transportation 0.770 0.534

Total 22.977 22.734

Recurring Costs

Spares* 65.003 47.605

On-Site Maintenance 44.955 44.774

Off-Site Maintenance 21.930 21.876

Inventory Management 0.107 0.107

Support Equipment 0.039 0.038

Training 1.688 1.681

Data Management 2.153 2.153

Facilities 1.794 1.794

Site Operations 10.594 10.594

Total 148.263 130.622

*Spares costs are based on a three-year
production run of 180 systems.

waveguide elements, in accordance with Hazeltine literature describing ways
to expand the COMPACT To array. Changes were made to the antenna PCB and
column radiator to increase their length. Other changes were made in con-

nectors and power dividers. It was assumed that no changes were required
in the electronics and power supplies that would affect cost. The overall
change in acquisition cost was approximately $6,400 for the azimuth antenna
subsystem, or an increase in price of approximately 10 percent.
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6.3.2 N40 Proportional Guidance Coverage SCMLS

A thinned-array concept is of itself limited in coverage. Ordinary
thinning can result in high sidelobes. The COMPACT T M system was developed
to produce accurate beam scanning while maintaining acceptable sidelobe
levels. To achieve a wide-coverage scan with the SCMLS of this study, the

f array must be refilled so that each element is excited by its own phase
shifter. Thus, to attain a +400 coverage, 30 azimuth beamwidth SCMLS, we
"added adequate phase shifters, drivers, and connectors to fill the antenna
array. An increased cost was assumed for the BSU, monitor electronics,
antenna PCB, and column radiator. There were no changes assumed to be re-
quired for the azimuth chassis, radome, or power supplies. The overall
change in acquisition cost from the +10° coverage, 30 azimuth beamwidth SCMLS
would be approx.mately $18,300, or an increase in the azimuth subsystem of
29 percent.

The same coverage assumptions were applied to the 20 azimuth beamwidth
system to determina the acquisition cost for a +400 coverage, 20 azimuthbeamwidth system. The cost of this azimuth subs-ystem would be approximately i
$29,000 over the +10* coverage, 30 azimuth beamwidth -- an increase in acqui-

sition cost of approximately 46 percent.

i 6.3.3 Cost Impactsi i
Table 6-3 compares the life-cycle costs associated with the different

SCMLS azimuth configurations and illustrates the expected increase in acqui-
sition and nonrecurring and recurring logistic support zosts with increased
SCMLS accuracy and coverage capabilities. A narrower beamwidth results in
an increase in life-cycle cost of approximately 3 percent, while wider cov-
erage incurs a 9.5 percent increase. A narrower beamwidth combined with
wider coverage results in an increase in life-cycle cost of approximately
15 percent.

Table 6-3. LIFE-CYCLE COSTS FOR DIFFERENT SCMLS AZIMUTH CONFIGURATIONS,
BASED ON THREE-YEAR PRODUCTION :iN, 180 SCMLS

Cost by SCMLS Configuration
(Millions of Constant 1980 Dollars)

Cost Category . ...
30 Azimuth 20 Azimuth 3* Azimuth 2° Azimuth

+100 Coverage +100 Coverage +400 Coverage +400 Coverage

Acquisition 88.149 91.184 96.873 102.045

Installation 89.498 89.498 89.498 89.498

Nonrecurring Logistics 24. 704 25.006 25.879 26.447

Rlcurring Logistics 84.020 89.651 101.324 112.020

Total 286.371 295.339 313.574 330.010

10-

6-7

1A '



Table 6-4 separates the logistics costs of Table 6-3 into the various
logistic support cost categories and illustrates that the uorst drivers inl
the logiatic support costs are spares and on-site maintenatnce. T'hVis i:-
because the increased parts associated with the various ,CMIt, cont i't1urttiomn
reduce the overall system reliability and increase the demand or" spac
parts and on-site maintenance. A

Table 6-4. CUMULATIVL LOGISTIC SUPPORT COSTS FOR DIFFERENT SCMLS
AZIMUTH CONFIGURATIONS

Cost by SCMLS Configuration

(Millions of Constant 1980 Dollars)
Cost Category . ... .. . .•30 Azimuth 2° Azimuth 30 Azimuth 20 Azimuth

+10. Coverage ÷10* Coverage +400 Coverage +400 Coverage

Nonrecurring Costs

Spares* 7.764 7.922 8.716 9.189

Inventory Management 0.036 0.036 0.036 0.039
Support Equipment 0.190 0.190 0.190 0.190
Training 0.660 0.714 0.793 0.885

Data Management 15.720 15.720 15.720 15.720

Transportation 0.424 0.424 0.424 0.424

Total 24.704 25.006 25.879 26.447

Recurring costs

Spares* 29.540 32.932 41.344 48.206

On-Site Maintenance 26.056 28.167 31.356 35.005 I
Off-Site Maintenance 14.220 14.268 14.220 14.268

Inventory Management 0.104 0.104 104 0.134

Support Equipment 0.011 0.014 0.ý._7 0.022

Tr"4-ing 0.963 1.040 1.157 1.289

Data Management 7.176 7.176 7.176 7.176

Facilities 1.794 1.794 1.794 1.794

Site Operations 4.156 4.156 4.156 4.156

Total 84.020 89.651 101.324 112.020

*Spares costs are based on a three-year production run of 180 SCMLS.

6.4 IMPLEMENTATION STRATEGIES

The costs determined in this study are directly affected by the MLS
implementation strategy employed. The EAM integrated acquisition costs,
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nltallationl co- .5, and implementation strategy to develop the life-cycle 4'
costs. To test the sensitivity of the LCC to the implementation strategy
and to investigate alternative methods of implementation, we analyzed three
different strategies derived from the basic implementation scenario. We
also investigated a new implementation strategy designed around a 1,250-
system acquisition over 15 years.

6.4.1 Faster Implementation Rates

The implementation strategy used in the LCC study was based on a 20-
year acquisition and deployment schedule. Using the same guidelines with
respect to quantities of systems deployed, we developed 10-year and 15-year
acquisition and deployment schedules.

The 10-year schedule was developed by combining the systems acquired
during the first two years of the 20-year plan (see Table 4-3) into the first
ytar, combining those acquired during the third and fourth years into the
second year, and so on, until the nineteenth and twentieth years were com-
bined to generate the tenth year of implementation. The resulting schedule
is illustrated in Table 6-5.

Table 6-5. MLS GROUND SYSTEM ACQUISITIZN SCHEDULE WITH 10-YEAR IMPLEMENTATION

S',stem 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 Total

Expanded 5 9 9 0 0 4 8 8 9 10 62

Basic I1 8 16 i5 0 0 16 32 32 34 35 188

Basic 1 38 63 63 50 50 40 39 36 39 40 464

SCMLS 101 28 29 49 s0 45 39 42 42 38 463

Additional Azimuth Systems to be Acquired for Back Pzimuth

Basic 1 7 12 12 10 10 9 8 8 8 8 92
SCMLS 10 3 3 5 5 4 4 4 4 4 46

The 15-year schedule was developed by taking the systems acquired d'ir-
ing the last five years of the 20-y7--ar implementation plan (see Table 4-3)
and distributing them equally over the first 15 years where possible. Most
of the expanded systems were left tr, be acquired in the later yearr, iust
as in the 20-year implementation -ldn. Table 6-6 shows the resulting
schedule.

K

The intent in developing IS- and 20-year implementation plans was to !
acquire the same n tmber of systems in a manner similar to that of the 20-year J
implement.otion strategy. The total a, quisition, in-tallation, and nonrecur-
ring logistics costs will be the same for any implementation strategy
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acquiring an equal number of systems as long as constant dollars are.uscd.
The shapes of the cost trends when graphed are different, becaube they are
occurring at different rates. Accordingly, these three costs ake not pre-
sented here. Recurring logistics costs are time-dependent, however, even
in constant dollars, because spares and maintenance actions depend on system
MTBF. A faster implementation rate would increase the recurring lu~istics
costs.

Table 6-7 summarizes the cumulative recurring logistic support costs
associated with the three implementation schedules. Table 6-8 breaks these
costs down into the recurring logistic support costs component parts and
illustrates that the percentage increase in recurring costs with more rapid
implementation is dependent on the system configurarion deployed. The larg-
est increases in cost are from spares and on- and off-site maintenance. As
expected, site operations costs also increase with a more rapic deployment.

Table 6-7. TOTAL RECURRING LOGISTIC SUPPORT COSTS FOR MLS GROUND SYSTEMS WITH
DIFFERENT IMPLEMENTATION STRATEGIES

Cost by System Type
(Millions of Constant 1980 Dollars)

'r•.plementation

Plan SCMLS Basic Total

Back Back
Azimuth AzimuthSCMLS __ziuth { asic I AithBasic II Expanded

10-Year 106.013 5.804 192.321 19.289 112.425 55.394 491.246

15-Year 95.015 5.570 168.717 17.226 101.317 47.957 435.802

20-Yatd 84.U20 5.191 148.263 15.845 75.336 43.720 372.375

Figure 6-3 illustrates the recurring cost trends associated with the
different implementation schedules. The curve for the 10-year implementation
schedule illustrates that recurring costs become essentially constant after
the system is fully deployed.

5.4.2 Single-System Implementation

As an alternative implementation strategy, we investigated implementing
only one type of MLS configuration. For thi• analysis we used the 20-year
implementation strategy and combined the number of different systems acquired
in any one year into a total number for acquiring one system in that year.
We chose the Bas.ic I system as the system to be implemented. While it was
assumed that 20 percent of the back azimuth systems would be implemented,
those costs are not included in the following tables; thus, a direct compari-
son may be made between total systems implumented.
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Table 6-8. CU3UJLATZVE REUING WGISTIC SUPPOfir COSTS FOR M.S GROUNO SYSTZMS WITH
DUTZSIT INPLEXIZTATION STRATEGIES

Cost by System Type
(Ki1ions of Constsnt 1980 Dgllacs)

Cost Category i SCMLS Back Agimuth Pasic I

10_yea_ 15-Year 20-Year PO-Year 15-fear 20-Year lO-Yoar 15-Year _0-_ear

Spare P.778 33.648 29.540 3.262 3.227 3.171 82.%8 73.388 65.003

On-Site Maintenance 33.905 29.986 26.05b 1.766 1.633 1.418 59.713 51.781 44.955

Off-Sis Maitenance 18.562 16.394 14.220 0.442 0.403 0.342 29.190 25.288 21.930
Inventory Management 0.104 0.104 0.104 0.000 0.000 0.000 0.107 0.107 0.107
Support Zq,•pment 0.015 0.013 0.011 0.000 0.000 0.000 0.051 0.045 0.039
Training 1.254 1.109 0.963 0.063 0.059 0.050 2.244 1.945 1.688

Dat{ aMagemn 7.176 7.176 7.176 0.000 0.000 0.000 2.153 2.153 2.153

Facilities 1.794 1.794 1.794 0.000 0.000 0.000 1.794 1.794 1.794
Site Operation 5.4)5 4.791 4.156 0.271 0.248 0.210 14.101 12.216 10.S94

Total 106.013 95.015 64.020 5.804 5.570 5.191 192.321 168.'17 148.263

Basic I Back Azimuth Basic 11 Expanded
cost Category

10-Vaer 15-Year 20-Year 10-Yar 15-Year 20-Year 10-Year 15-Year 20-Year

Spares 10.567 9.780 9.276 50.982 46.553 36.132 29.655 26.554 24.891

On-Site Maintenance 6.348 5.429 4.797 35.004 31.047 21.590 13.429 10.867 9.286

Off-Sits Ma.ntenance 1.606 1.364 1.197 12.091 .2.711 7.417 4.436 3.575 3.041

Inventory anaqement 0.000 0.000 0.000 0.102 0.102 0.102 0.102 0.102 0.102

Support Zquipment 0.002 0.002 0.002 9J.050 0.044 0.030 0.020 0.016 0.014

Training 0.231 0.199 U.17'. 1.319 1.170 0.812 0.503 0.407 0.347

Data Management 0.000 0.000 0.000 2.153 2.059 2.059 2.153 2.059 2.059

Facilities 0.000 0.000 0.000 1.794 1.716 1.716 1.794 1.716 1.716

Site Operation 0.533 9.452 0.397 8.330 7.913 5.478 3.302 2.661 2.264

Total 19.289 17.226 15.845 112.425 101.317 75.336 55.394 47.957 43.720

Table 6-9 shows the life-cycle costs associated with the single-system
Simplementation strategy and shows the total costs from Table 5-2, with the

SCMLS and Basic I back azimuth systems eliminated for comparison purposes.
Table 6-9 also shows that a single-system implementation is more costly in
the ac-aisition and installation cost categories. Since the lower-cost SCMLS

* •configurations were eliminated from consideration, this is not unexpected.
Nonrecurring logistic support costs are about 35 percent less than those for
the four-system implementation; recurring logistic support costs are essen-
tially equal.

Table 6-10 illustrates the cum,)lative logistic support costs of the
all-Basic I implementation and compares these costs with those from Table
5-3. The cost of initial spares is about $15 million less than for the four-
system implementation. The other nonrecurring costs are approximately equal,
with the exception of data management. Data management is less because of
the single configuration (Basic) versus the SCMLS and Basic configurations
in the mixed-system implementation.
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Table 6-9. LIFE-CYCLE COSTS FOR DIFFERENT
IMPLEMENTATION STRATEGIES

Cost by System Type
(Millions of Constant I i

1980 Dollars)
Cost Category

All Basic Mixed
(1,177 Systems) Implementation

(1,177 Systems)

Acquisitio-, 438.660 402.744

Installation 302.724 279.591

Nonrecurring Logistics 56.748 87.315

Recurring Logistics 343.521 351.339

Total* 1,141.653 1,120.989

*No back azimuth costs are included in totals.

Table 6-10 shows the cost of recurring spares to be about 6 percent
less than that associated with the four-system implementation. This is true
even though the Basic I configuration would be implemented with shelters.
Such an implementation means that we would install 926 more shelters than
with the strategy employed in Chapter Five. This is important to note con-
sidering the impact of shelters on spares as previously discussed. On- and
off-site maintenance costs are higher with the single-system implementation.
As shown in Table 6-2, maintenance costs do not change significantly between
the shslters and weatherproof enclosure configurations.

Tables 6-11 and 6-12 present the cumulative labor costs and expected
annual maintenance :osts, respectively, for the single-slstem implementation
and compare these costs with those from Chapter Five. Table 6-11 shows
that corrective maintenance costs and both base-level and depot-level repair
costs are higher with the single-system implementation; pre,,entive mainte-
nance costs are slightly lower. Table 6-12 shows that more annual mainte-
nance hours would be required with the single-system implementation, at a
cost of approximately $0.35 million per year. This is due in part to the
removal of the relatively simple SCMLS configuration from the implementation.

6.4.3 Transition Plan Strategy

During the course of this LCC study, a new transition plan strategy
was developed by the FAA, requiring implementation of 1,250 systems over a
15-year period. Since no mix of systems was hypothesized, we used the same

6-14
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Table 6-10. CUMULATIVE LOGISTIC SUPPORT COSTS

Cost by System Type
(Millions of Constant

1980 Dollars)
Cost Category .

All Basic Mixed
(1,177 Systems) Implementatibn

(1,177 Systents)

Nonrecurring Costs

Spares 27.804 42.841

Inventory Management 0.112 0.147

Support Equipment 0.294 0.484

Training 3.004 2.902

Data Management 23.580 39.300

Transportation 1.954 1.641

Total* 56.748 87.315

Recurring Costs

Spares 146.751 155.566

On-Site Maintenance 109.000 101.887

Off-Site Maintenance 53.483 46.608

Inventory Management 0.312 0.415

Support Equipment 0.094 0.094

Training 4.097 3.810

Data Management 2.153 13.447

Facilities 1.794 7.020

Site Operations 25.837 22.492

Total* 343.521 351.339

*No back azimuth costs are included in totals.

mix used for the basic analysis to investigate this new plan, which is shown
in Table 6-13. The major impact of this plan would be the acquisition of a
set number of systems each year.

S: 6-15



Table 6-11. CUMULATIVE LABOR COSTS

Cost by System Type
(Millions of Constant1980 Dollars)

Labor Category -, ..

All Basic Mixed• (1177Systms) Implementation
(1,177 Systems) (1,177 Systems)

Corrective Maintenance 91.972 85.205

Preventive Maintenance 4.486 5.063

Base-Level Repair 20.658 17.845

Depot-Level Repair 1.279 1.106

Total* 118.395 109.219

*No back azimuth costs are included in totals.

Table 6-12. EXPECTED ANNUAL MAINTENANCE COSTS

Cost by System Type
(Millions of Constant

1980 Doilars)

Labor Category All Basic Mixed
Implementation

(1,177 Systems) (1,177 Systems)

Hours* Cost Hours Cost

Corrective Maintenance 462.7 6.747 446.4 6.510

Preventive Maintenance 21.6 0.324 21.6 -. 350

Base-Level Repair 87.1 1.517 79.5 1.384

Depot-Level Repair 4.5 0.094 4.2 0.086

Total** 575.9 8.682 551.7 8.330

*Thousands of hours.

**No back azimuth costs are included in totals.
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T Ale 6-14 shows the LCC results of using this implementation strategy
with the unit acquisition costs developed in Chapter Three and the installa-
tion costs developed in Chapter Four. Table 6-15 illustrates the cumulative
logistic support costs, Table 6-16 shows the cumulative labor costs, and
Table 6-17 illustrates the expected annual maintenance costs for the 1,250-
system implementation plan. The acquisition, installation, and nonrecurring
logistics costs of the new plan are similar to those of the basic analysis
in Chapter Five, because a similar number of systems would be purchased.
The recurring logistics costs are similar to the 15-year implementation plan
of Section 6.4.2. The cumulative LCC is illustrated in Figure 6-4.

6.5 PRODUCTION SCHEDULES FOR MLS EQUIPMENTS

Production schedules for 14LS equipments are particularly important
when implementation strategies are being considered. A rapid implementation
schedule may require that similar systems be produced by more than one manu-
facturer. This would occur if implementation schedule requirements exceeded
the capacity of a single manufacturer to prcduce a particular MLS
configuration.

To investigate the ramifications of this, we analyzed and interpolated5
the data generated during the course of this study. Since the Basic config-
uration data were developed for three different configurations in each pro- |.
duction run, we looked at the SCMLS data so that we could directly compare
single systems. We used the acquisition cost data from the 75-system SCMLS
production run to represent two manufacturers producing a configuration
similar to their own designs based on a performance specification. We com-
pared those LCC results to data based on the 145-system SCMLS acquisition
cost. These data represented one manufacturer with the production capacity
approximately equal to the first two.

We assumed that, although the two systems are different, they have the
same number of components with similar MTBFs. This assumption implied that
the techniques are the same and that all components are similar but not
identical (e.g., board layouts may be different, and waveguide elements
radiating slots may be cut at different angles). This assumption also allowed
us to use the existing acquisition data base. The results of the LCC compar-
ison are shown in Table 6-18. Total SCMLS acquisition was from the Basic
implementation strategy.

As Table 6-18 illustrates, the combined acquisition cost of systems
obtained from two manufacturers exceeds that of systems obtained from one
manufacturer by $6.9 million, or 7.7 percent. This is expected because of
the higher acquisition costs associated with smaller production runs. (Unit
system costs would be $203,300 for a 75-unit production run and $188,800 for
a 145-unit production run.) Acquisition costs in Table 6-18 include the
3 percent factory inspection cost.

Total installation costs shown in Table 6-18 are the same for each manu-
facturing method, because installation costs are independent of manufacturing
costs, assuming that the installations are similar.

6-18
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Table 6-i8. LIFE-CYCLE-COST COMPARISON BETWEEN SINGLE MANUFACTURER
AND DUAL MANUFACTURERS OF SCMLS EQUIPMENT

Costs (Millionis of Constant 1980 Dollars)

Dual Manufacturers**
Single

Category Manufacturer* Manufacturer Manufacturer Total

(463 Systems) "A" "B" (463
(231 Systems) (232 Systems) Systea..s)

Installation 89.498 44.652 44.846 89.498

Nonrecurring 24.882 25.407 25.407 50.814
Logistics

Recurring 84.865 65.202 65.302 130.504
Logistics

Total 289.282 183.632 184.136 367.768

*Based on a production rate of 145 SC&MLS systems over three years.
**Based on a production rate of 75 SCMLS systems over three years.

The nonrecurring logistics cost for the dual manufacturers is double
that of the single manufacturer, because it was assumed that the designs
would produce a completely different set of initial spares due to different
card layouts and design techniques. These different designs would also
create different maintenance manuals, the costs of which would appear in
the nonrecurring costs.

The recurring logistics costs for each of the dual-manufacturer systems
are about 77 percent of those for the single-manufacturer system. This is
because the maintenance costs, facilities costs, and site operations costs
are divided between the two systems. However, the other recurring cost fac-
tors are considered to be unique to each system. Table 6-19 shows both non-
recurring and recurring logistic support costs. Again, the major cost
drivers are recurring spares and data costs. The table also shows that
the total combined recurring logistic support costs of the dual manufacturers
are approximately 54 percent greater than those for a single manufacturer.
Overall acquisition through dual manufacturers would increase the LCC' over
that for a single manufacturer by 27 percent.

6-24
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Table 6-19. CUMLATIVE LOGISTIC SUPPORT COST COMPARISON BETWEEN SINGLE
MANUFACTURER AND DUAL MANUFACTURERS OF SCMLS EQUIPMENT

Costs (Millions of Constant 1980 Dollars)

Cost Single Dual Manufacturers**

Category Manufacturer* Manufacturer Manufacturer Total(463 Systems) "A" "B" (463

(231 Systems) (232 Systems) Systems)

Nonrecurring Costs

Spares 7.852 8.589 8.589 17.178
Inventory Management 0.036 0.036 0.036 0.072
Support Equipment 0.190 0.190 0.190 0.380 ,
Training 0.660 0.660 0.660 1.320Data Management 15.720 15.720 15.720 31.440Transportation 0.424 0.212 0.212 0.424

Total 24.882 25.407 25.407 50.814

Recurring Costs

Spares 30.385 33.885 33.885 67.770
On-Site Maintenance 26.056 13.000 13.056 26.056
Off-Site Maintenance 14.220 7.095 7.125 14.220
Inventory Management 0.104 0.104 0.104 0.208
Support Equipment 0.011 0.011 0.011 0.022
Training 0.963 0.963 0.963 1.926
Data Management 7.176 7.176 7.176 14.352
Facilities 1.794 0.895 0.899 1.794
Site Operation 4.156 2.073 2.083 4.156

Total 84.865 65.202 65.302 130.504

*Based on a production rate of 145 SCMLS systems over three years.
"*Based on a production rate of 75 SCMLS systems over three years.
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CHAPTER SEVEN .

MLS AVIONICS CONFIGURATIONS ACQUISITION COSTS

Development and production costs of MLS avionics were identified for
the three user communities in general aviation -- commercial air carrier,
high-performance general aviation aircraft, and low-performance general
aviation aircraft. High-performance general aviation consists of turbojets,
turboprops, and pressurized multi-engine aircraft. Low-performance general
aviation consists of all other multi-engine piston, single-engine piston,
and rotary wing aircraft.

7.1 SYSTEM CONFIGURATIONS

7.1.1 General

Table 7-1 lists the avionics costed. The required displays and DME
costs were taken from available commercial products. In accordance with the
objectives and assumptions of the MLS LCC study program plan, we did not I
consider the cost of modifying or purchasing on-board computers and
modifying autopilots to take full advantage of MLS capabilities.

7.1.2 Production Avionics

Three prototype models of avionics have been developed through Govern-
ment sponsorship. Air carrier and high-performance aircraft MLS avionics
were developed for the FAA by Bendix Avionics Division. American Electronic
Laboratories, Inc., and NARCO Avionics developed a low-performance aircraft
avionics set through the sponsorship of NASA Ames. Design features and
capabilities of those avionics were available for study. A new set of
avionics was being developed for the Service Test Evaluation Program (STEP),
but the equipments were not available during the course of this study.

7.1.2.1 Commerical Air Carrier MLS Avionics

The commercial air carrier MLS avionics were based on the prototype
Bendix Avionics air carrier quality avionics. The units costed were an
angle receiver-processor, with an ac/dc power supply and a built-in test
(BIT) capability; an MLS control pannel; and an auxiliary data display.
All units were assumed to be manufactured to ARINC characteristics. Costs
were assumed for a precision DME, C-band antenna, and computer interface.
Any required display was assumed to be existing.

7-I
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Table 7-1. MLS AVIONICS CONSIDERED

Commercial High-Performance Low-Performance
Considerations Air Carrier General Aviation General Aviation

Avionics Avionics Avionics

Cotts Determined Receiver-Processor Receiver-Processor Receiver-Processor
by Study Control Panel Control Panel C-Band Antenna

Auxiliary Data Display

Commercial Costs Precision DME C-Band Antenna None
Assumed CLBand AntennaComputer InterfaceT

commercial costs None CDI Display CDI Display
Used Conventional DMECL-Band Antenna

Equipment Assumed Display None None
to Exist and Not Conventional DKE
Costed L-Band Antenna

7.1.2.2 High-Performance General Aviation Aircraft MLS Avionics

The high-performance general aviation (GA) aircraft MLS avionics were
based on the SCMLS avionics manuals developed by Bendix Avionics. The
receiver-processor was assumed to be similar to that of the air carrier
aircraft, but with no BIT capability and no ac power supply. We developed
the costs for this receiver by using lower quality parts to reduce the cost.
The control panel was considered to be similar to the air carrier version.
No auxiliary data display was included for this configuration. Costs for
the CDI display, DME, and L-band antenna were based on existing commercially
available equipment.

7.1.2.3 Low-Performance General Aviation Aircraft MLS Avionics

The low-performance GA aircraft MLS avionics were based on the NASA
Ames-sponsored low-cost MLS avionics. These avionics consisted of an MLS
receiver-processor with an integrated control panel and a remote microwave
RF head integrated into the C-band antenna housing. A low-cost commercially I'
available CDI display was included in the total installation.

7.2 ACQUISITION COSTS

7.2.1 General

The costs for all three types of avionics were developed under the
same procedure used in leveloping the ground system costs. Features,

7-2
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capabilities, and component parts of the prototype receivers and peripheral
equipments were identified by inspection of the receivers, consultation with
the manufacturers, and review of the available documentation.

All manufacturing costs associated with the MLS avionics were developed
with the assistance of a commercially available pricing model. Data were
prepared on module, subassembly, and system levels to permit identification
of costs drivers and application to the subsequent LCC analyses.

Tables 7-2 through 7-12 summarize the PRICE outputs by subassembly cost
for development and production and show cumulative costs for the various
classes of MLS avionics. The tables appear in the following subsections,
according to the particular subassembly represented. We assumed production
quantities over a three-year period of 1,500 units for air carrier avionics
and 3,000 units for general aviation avionics o.a the basis of the expected
implementation scenarios discussed in Chapter Eight. These quantities were
considered to be sufficient to develop typical avionics production learning
curves and to amortize development and start-up costs. All results are
presented in constant 1980 dollars.

In each table, the last equipment entry, Test and Integration, is a
mandatory input when a system is developed by subassemblies. Test and
integration accounts for the final assembly of a unit, machining of inzer-
face components, provisioning of power connections, alignment and tuning
of electrical subsystems, and performance of the final functioAal test of
the system. The factory sell price represents the cost of manufacturing
with appropriate G&A and profit included; it is the expected selling price
to air carriers and distributors. The list price represents the normal
cost to owners of private aircraft buying limited quantities of general
aviation aircraft products.

7.2.2 MLS Avionics Cost Development for Air Carrier Aircraft

The unit costs of MLS avionics required by air carriers for implemen-
tation of the MLS are shown in Tables 7-2 (receiver), 7-3 (control panel),
and 7-4 (auxiliary data display).

7.2.2.1 Angle Receiver

The MLS angle receiver consists of 13 subassemblies, the front panel,
and the chassis enclosure. Table 7-2 summarizes the PRICE outputs by
subassembly cost for development and production and gives the total cost.
The costs are based on a 1,500-unit production run. There is no distributor [
markup for air carrier avionics, because the airlines buy directly from the
manufacturer.

7.2.2.2 Control Panel

The MLS control panel consists of a power supply and a digital PCB,
as well as the front panel and the chassis and enclosure. Table 7-3 lists
the results of the PRICE outputs.

7-3 '
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Table 7-2. MLS RECEIVER COSTS FOR AIR CARRIER AIRCRAFT

Costs (1980 Dollars per Unit)
Subassembly

Development Production Total

Envelope Processor PCB 87 783 870

Digital Processor PCB 104 773 877

Input/Output PCB 48 803 851

AC Power PCB 29 402 431

DC Power PCB 25 344 369

Annunciator PCB 66 320 386

Synthesizer Control PCB 79 374 453

Synthesizer Harmonic Generator PCB 54 202 256

Synthesizer Microwave PCB 113 873 986

Front-End Module 36 479 515

RF Module 73 759 832

Test Generator Module 28 158 186
Intercormect PCB 61 353 414

Front Panel 6 134 140

Chassis and Enclosure 10 856 866

Integration and Test 23 425 448

Factory Sell Price 8,880

Distributor Markup 0

List Price 8,880i

7.2.2.3 Auxiliary Data Display

The MLS auxiliary data display consists of a power supply, four addi-
tional subassemblies, the front panel, and the chassis and enclosure. Table
7-4 lists the results of the PRICE outputs.

Costs of the avionics required by air carrier aircraft for implementa-
tion of the MLS are listed in Table 7-5. The costs shown are the total cost
of development for each piece of avionics and the production costs per unit
of the equipment as computed by the PRICE model. The Total column gives the
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Table 7-3. MLS CONTROL PANEL COSTS FOR
AIR CARRIER AIRCRAFT

Costs (1980 Do.&iars per Unit)
Subassembly

Development Production Total.

Power Supply PCB 56 322 378

Digital PCB 48 267 315

Front Panel 2 35 37

Chassis and Enclosure 8 247 255

Integration and Test 5 36 41

Factory Sell Price 1,026

Distributor Markup 0

List Price 1,026

Table 7-4. MLS AUXILIARY DATA DISPLAY COSTS FOR
AIR CARRIER AIRCRAFT

Costs (1980 Dollars per Unit)

Subassembly
Development Production Total

Binary BCD PCB 72 466 538

Data Control PCB 67 427 494

Display Electronics PCB 68 521 589

Power Supply 32 209 241

Display PCB 50 222 272

Front Panel 4 45 49

Chassis and Enclosure 8 247 255

Integration and Test 9 92 101

Factory Sell Price 2,539

Distributor Markup 0

List Price 2,539
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Table 7-5. MLS AVIONICS COSTS FOR AIR CARRIER AIRCRAFT,

SINGLE SYSTEM

Costs

Equipment Production Total
1980Dolmart) (1986 Dollars (1980 Dollars

per Unit) per Unit)

Receiver 1,261,564 8,038 8,880

Control Panel 177,070 907 1,026

i'-.xiliary Data Display 464,326 2,229 2,539

Total 1,902,960 11,174 12,445

Factory Sell Price 12,445

Distributor Markup 0

List Price 12,445

*Development costs are assumed to be amortized over a 1,500-unit
production q1;antity.

production and development covts amortized over 1,500 units of production. I
The development costs are for any production quantity; the production costs,
however, vary with the production quantity. The costs listed in Table
7-5 disagree slightly with those in Tables 7-2, 7-3, and 7-4 because the
numbers have been rounded.

7.2.2.5 Air Carrier MLS Installation

A complete air carrier MLS installaticn requires peripheral equipment
other than the avionics shown in Table 7-5 to allow MLS operation. The
other c.quipments include antennas, displayb DMEs, and computers if a full
curved-approach capability is desired. We did not compute these costs
through PRICE, but took commercially available equipments as required. We
did not include the cost of a display for the air carrier installation,
because aircraft currently have displays installed that can be used with
the MLS. Display interface costs are included in the installation costs
discussed in Chapter Eight. L-band DME costs are not included, because
these are also currently in place on the aircraft. We did include one
precision DME, assuming that there would be a one-for-one swap-out with
a z.-nventional DME. We also included a $1,500 cost for a computer interface.
This cost was taken from Radio Technical Commission on Aeronautics (RTCA)
Document DO-166 of July 1977, Microwave Landing System implementation. The
quentiti"s and costs of equipment for the MLS installation are shown in
Table 7-6.
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Table 7-6. AIR CARRIER AVIONICS COST PER MLS INSTALLATION,
BASED ON 500 UNITS PER YEAR (1980 DOLLARS)

Cost Total System
Equipment Quantity per Unit Cost

HLS Receiver-Processor 2 8,880 17,760

MLS Control Panel 2 1,026 2,052

MLS Auxiliary Data Display 1 2,539 2,539

C-Band Antenna 2 150 300

Precision DME 1 11,385 11,385

Computer Interface 1 1,500 1,500

Total 35,536

7.2.3 MLS Avionics Cost Development for High-Performance GA Aircraft

The MLS avionics required for high-performance GA aircraft are an
angle receiver and a control panel.

7.2.3.1 Angle Receiver

The MLS angle receiver is very similar to that for air carrier aircraft.I
The major difference is that the high-performance GA aircraft receiver has
dc power only, and there is no BIT capability. This allows elimination of
the ac power, annunciator, and test generator subassemblies. In addition,
the GA receiver uses components of a lesser quality than does the air carrier
receiver. This results in a decrease in cost and a slight decrease in MTBF
on a per-PCB basis for the GA receiver. The envelope processor PCB for the
high-performance GA receiver has an MTBF of 24,296 hours, compared with
25,287 hours for the air carrier receiver. Overall, the air carrier re-
ceiver MTBF of 1,430 is lower than the GA receiver MTBF of 1,702 hours,
because the GA receiver has fewer subassemblies.

The high-performance GA angle receiver consists of 10 subassemblies, the
front panel, and the chassis and enclosure. Table 7-7 summarizes the PRICE
outputs by subassembly cost for development and production and gives the
total cost. The costs are based on a 3,000-unit production run. The factory
sell price is the cost to a distributor. The list price includes a markup
for distribution and is the expected cost to single-aircraft owners
requiring high-performance GA aircraft avionics.

7.2.3.2 Control Panel

The MLS control panel is similar to the air carrier control panel; the
major difference is that lower quality parts are used. (Lower quality may
be taken to mean plastic rather than ceramic parts.) Table 7-8 lists the

7-7
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Table 7-7. MLS RECEIVER COSTS FOR HIGH-PERFORMANCE
GENERAL AVIATION AIRCRAj r

Costs (1980 Dollars per Unit)
Subassembly

Development Production Total

Euvelope Processor PCB 40 561 601

Digital Processor PCB 49 554 603

Input/Output PCB 23 575 598
DC Power PCB 12 248 260

Synthesizer Control PCB 38 268 306

Synthesizer Harmonic Generator PCB 26 145 171

Synthesizer Microwave PCB 54 628 682

Front-End Module 17 344 361

RF Module 35 545 580

Interconnect PCB 31 303 334

Front Panel 3 98 101
Chassis and Enclosure 4 620 624

Integration and Test 11 321 332

Factory Sell Price 5,553

Distributor Markup (30 percent) 1,666

List Price 7,219

results of the PRICE outputs for a 3,000-unit production run with a dis-
tributor markup of 30 percent.

7.2.3.3 Cost Summary

Costs of the MLS avionics required for high-performance GA aircraft
are listed in Table 7-9. As with the air carrier versions, the costs shown
are the total cost of development and the production costs per unit as
computed by PRICE.

7.2.3.4 High-Performance GA MLS Installation

An MLS receiver and control panel are only part of the MLS installation V
in a high-performance GA aircraft. We assumed for the LCC portion of this

study tnat a complete MLS installation includes a conventional DME, an L-
band antenna, and a display, in addition to the MLS receiver, control panel,
and C-band antenna. Table 7-10 shows the quantities and costs of equipment
used in the LCC study.

7-8
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Table 7-8. MLS CONTROL PANEL COSTS FOR
HIGH-PERFORMANCE GENERAL
AVIATION AIRCRAFT

Costs (1980 Dollars per Unit)
Subassembly -

Development Production Total

Power Supply PCB 27 231 258

Digital PCB 23 191 214

Front Panel 1 25 26

Chassis and Enclosure 4 160 184
Integration and Test 2 26 28

Factory Sell Price 710

Distributor Markup (30 percent) 213

List Price 923

Table 7-9. MLS AVIONICS COSTS FOR HIGH-PERFORMANCE GENERAL
AVIATION AIRCRAFTs

Costs

Equipment Development* Production Total
(1980 Dollars (1980 Dollars(1980 Dollars) per Unit) per Unit)

Receiver 1,025,695 5,210 5,553
Control Panel 167,657 653 710

Total 1,193,352 5,863 6,263

Factory Sell Price 6,263

Distributor Markup (30 percent) 1,879

List Price 8,142

*Development costs are assumed to be amortized over a
3,000-unit production quantity.

7-9
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Table 7-10. HIGH-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

Cost Total System
Equipment Quantity per Unit Cost

MLS Receiver-Processor 1 7,219 7,219

MLS Control Panel 1 923 923

C-Band Antenna 1 195 195

L-Band Antenna f v117 117
Conventional DME 15,851, 5,850

CDI Display 1916 916

Total 15,220

7.2.4 MLS Avionics Cost Development for Low-Performance GA Aircraft i

The IMLS avionics for low-performance GA aircraft are a receiver with
an integrated panel and an antenna.

7.2.4.1 Angle Receiver

The MLS angle receiver is the low-cost airborne MLS receiver developed

for NASA Ames by American Electronic Laboratories, Inc., and NARCO Avionics.
The receiver utilizes four subassemblies, including the power supply. All
controls are integrated into the front panel of the receiver and consist
of on/off, volume, and ident controls; a channel-selection capability; and
a glide-slope-select switch. Table 7-11 summariz.is the PRICE outputs by
subassembly cost for development and production and gives the total cost.
The costs are based on a 3,000-unit production run. The 100 percent markup

for distribution is the normal markup for low-performance GA aircraft
avionics.

7.2.4.2 Antenna

The MLS antenna developed for the low-performance GA aircraft incor-
porates a remote RF head to minimize the expected antenna cable losses.
After disassembling the antenna and reviewing the design and construction,

we priced the assembly as one unit. The antenna cost is shown in Table
7-12.

7.2.4.3 Cost Summary

Costs of the MLS avionics required for low-performance GA aircraft are
shown in Table 7-12. The cost factors shown are the total cost of develop-
ment and the production costs per unit as computed by PRICE.
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Table 7-11. MLS RECEIVER COSTS FOR LOW-PERFORMANCE
GENERAL AVIATION AIRCRAFT

Costs (1980 Dollars per Unit)
Subassembly -

Development Production Total

Synthesizer PCB 28 197 225

IF/Detector PCB 19 111 130

Processor PCB 33 130 163

Power Supply 17 83 100 1

Front Panel 3 22 25

Enclosure and Chassis 1 56 57

Integration and Test 13 ill 124

Total 114 710 824

Factory Sell Price 824

Distributor Markup (100 percent) 824

List Price 1,648

Table 7-12. MLS AVIONICS COSTS FOR LOW-PERFORMANCE
GENERAL AVIATION AIRCRAFT

Equipment Production Total

(190 Dllas) (1980 Dollars (1980 DollarsS((1980DDollars
Sper Unit) per Unit)

Receiver 341,876 710 824

Antenna 63,788 152 173

Total 405,664 862 997

Factory Sell Price 997

Distributor Markup (100 percent) 997

List Price 1,994

*Development costs are assumed to be amortized over a
3,000-unit production quantity.

7-11
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7.2.4.4 Low-Performance GA Aircraft Installation

We assumed for the LCC portion of this study that a complete MLS instal-
lation for minimum capability consists of an angle receiver, antenna, and CDI
display. Table 7-13 shows the quantities and costs of equipment used in the
LCC study.

Table 7-13. LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

Cost Total SystemEquipment Quantity
per Unit Cost

MLS Receiver-Processor 1 1,648 1,648

C-Band Antenna 1 346 346

CDI Display 1 600 600

Total 2,594
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CHAPTER EIGHT

AIRBORNE LIFE-CYCLE-COST MODEL COMMON PARAMEIERS

This chapter addresses the development of data items that were treated

in the economic analysis as being common to any MLS concept. These items
include the estimated installation costs of MLS avionics and population
projections for the civil aviation community.

8.1 COST OF MLS AVIONICS

The costs of the various MLS avionics configurations that may be im-
plemented in the civil aviation community were discussed in Chapter Seven.
It was assumed that the MLS avionics would have a unique configuration for
each of the three classes of aircraft.

8.2 AIRCRAFT CONFIGURATION

The complement of equipment to be installed by a user usually depends

on individual needs, probable flight profiles, the reliabilitieq required
to provide suitable aircraft availability, and the anticipated or required
flight crews for special classes of aircraft. For this study, we assumed
that air carriers would carry dual MLS avionics, while high- and low-
performance general aviation aircraft would carry one set of MLS avionics,
as discussed in Chapter Seven.

8.3 INSTALLATION COSTS

The costs of avionics installations considered in this study came under
two categories -- retrofit of the existing fleet, and installation in new
aircraft. These installation costs were segregated into the three aircraft
classes of commercial air carrier, high-performance general aviation, and
low-performance general aviation. Avionics retrofit installation costs for
all three aircraft classes was developed from data in FAA Report EM-79-14
of November 1979, Development of Avionics Retrofit Installation Costs in
Air Carrier and General Aviation Aircraft.

8.3.1 Commercial Air Carrier Installation Costs

Installation costs for commercial air carriers were based on the
installation costs required for the Ground Proximity W&rning System (GPWS)
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and the Omega Navigation System (ONS). These systems were chosen because
substantial data were available from each to compute costs. The GPWS was
also chosen because it was retrofitted in all commercial air carriers; an
advantage of using the ONS was that it is a more complex installation than
the GPWS. X

The GPWS consists of a single rack-mounted computer unit within the
electronics bay of an aircraft. The unit accepts inputs from various air-

craft sensors to determine terrain proximity. To retrofit this system in
the aircraft, the cockpit must be modified for installation of the warning
lights and speaker. The computer is installed in the electronics bay, with

appropriate cabling to sensors and the cockpit warning devices.

The ONS consists of three units -- a rack-mounted receiver-processor
located in the electronics bay, a cockpit control and display unit, and a
remotely located antenna and antenna coupler unit. The receiver-processor
houses the main electronic circuitry for processing sensor inputs to compute
aircraft location. The control-display unit provides a means for manually
inserting system control data and selecting modes of operation. It also
provides read-out capability for receiver-processor navigation data. The
antenna coupler unit senses Omega radio signals and couples them to the
receiver circuits by suitable cabling.

Installation of the ONS requires modification of the cockpit for the
control-display unit, a space in the electronics bay for the receiver-
processor, modification to the aircraft outer skin for the antenna, and
integration with other aircraft systems requiring navigation data inputs.
Most air carriers have dual Omega systems that consist of two control-display
and receiver-processor units but only a single antenna.

Since installation of the GPWS is probably less complex than an MLS
installation, while the ONS is more complex, we developed a weighted average
between these to.v costs to reflect the expected MLS installation costs.
Since we were dealing with a dual installation, the average was weighted 2
to 1 in favor of the ONS average cost. Table 8-1 shows the expected labor
hours and material cost of retrofitting avionics in air carrier aircraft,
using the 1980 labor rate and cost of materials. The installation hours
account for both shop prefabrication labor and on-aircraft labor for install-
ing shelves, control panels, wiring, and avionics. Material cost accounts
for all material other than prime electronics consumed during the instal-
lation. Cable, fasteners, hardware shelves, and circuit breakers are in-
cluded and accounted for in this cost category. We updated the labor and
material costs from FAA Report EM-79-14 by using a Bureau of Labor Statistics
inflation factor of 9.23 percent to arrive at a new base labor rate of $30.29
per hour. It was assumed that installation costs in new air carrier aircraft
would be 60 percent of the estimated retrofit cost of $1,560 for a complete
installation, or $6,940.
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Table 8-1. AVIONICS RETROFIT INSTALLATION HOURS AND
COSTS FOR AIR CARRIER AIRCRAFT

Stand-Alone Integrated
System SystemCost Category

Hours Cost* Hours Cost*

Installation Hours 166 5,028 357 10,813

Engineering Hours 7 212 19 575

Material Dollars -- 791 -- 2,933

Total Installation Cost -- 6,031 -- 14,321

SWeighted Average Retrofit installation Cost =$11,560

"1980 dollars at $30.29 per hour.

8.3.2 General Aviation Aircraft Installation Costs

High-performance aircraft in this user category include a variety of
twin-engine executive jets, pressurized twin-engine turboprop aircraft, and
some multi-engine piston aircraft. These aircraft usually use avionics that
resemble ARINC-characteristic equipment but are mantifactured in "dwarf"
sizes. However, ARINC-characteristic avionics are also frequently found in
the avionics configurations of these aircraft. Low-performance aircraft
include single-engine and light twin-engine aircraft.

Although no single piece of avionics has a widespread retrofit program
for general aviation aircraft, data were available for a number of systems,
so an average installation rate could be computed.

8.3.2.1 High-Performance General Aviation Aircraft

Avionics systems considered in FAA Report EM-79-14 for high-performance
GA aircraft are grouped into two categories -- (1) a "stand-alone" system,
which includes any avionics that require an antenna, electronic unit, and
control or display, and (2) an "integrated" system, which, in addition to
the basic equipment, usually includes considerable interface with other
on-board avionics such as flight computers, autopilots, or DME. Typical
stand-alone systems are the VHF communication system and the ATC cransponders.
Integrated systems include the area navigation system (R-NAV) and the
inertial navigation system (INS).

High-performance GA aircraft avionics are categorized not only by the
stand-alone or integrated nomenclature, but also by the category of air-
craft executive jet or executive turboprop. The reason for this is that
the airframes of turboprop aircraft are more easily accessible and rewired;
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therefore, installation time is considerably less. For executive jets,
installation time includes removal and reinstallation of interiors often
associated with avionics additions because of the location of new avionics,
cableways, and antennas.

Table 8-2 shows the expected labor hours and material cost of retrofit-
ting avionics in high-performance GA aircraft. The costs were updated from
FAA Report EM-79-14 by using a Bureau of Labor Statistics inflation factor of
9.23 percent to arrive at a new base labor rate of $28.40 per hour. Engineer-
ing includes design of the installation, documentation, and preparation of the
material lists associated with the installation. Antenna installation labor
includes the RF cable and assumes a new penetration in the lower fuselage of
the aircraft. Wiring is normally installed on the aircraft with very limited
shop harness fabrication, since most cables do not terminate in an electron-
ics bay. Hours noted for certification include the clerical effort necessary
to return the aircraft to flight status meeting the Government's airworthi-
ness and safety standards. Material costs account for all materials consumed
during the installation such as wires and fuses.

To determine the average MLS installation costs in high-performance GA
aircraft, we assumed that 50 percent of the aircraft would use a noninte-
grated MLS, or stand-alone system, and 50 percent would use MLS avionics
fully integrated with the R-NAV system. Approximately 31 percent of turbo-
jet and 44 percent of turboprop aircraft currently have R-NAV systems. We
weighted this obtained average retrofit cost between the number of turbojet
and turboprop aircraft (see Table 8-4). We included the high-performance
multi-engine piston aircraft with turboprop aircraft. This resulted in an
was assumed that installation costs in new aircraft would be 60 percent of

the estimated retrofit cost of $9,770, or $5,860.

8.3.2.2 Low-Performance General Aviation Aircraft

Low-performance GA aircraft avionics, intended for the single-engine
and light twin-engine aircraft, are usually of the stand-alone type and
consist of an antenna and an electronics unit. The electronics unit, mounted
in the flight console of the aircraft, has built-in control and display
features and requires wiring for antenna input and aircraft power input.

Installation cost data for low-performance GA aircraft were developed
on the basis of a survey of avionics maintenance facilities, because the K
majority of low-performance GA aircraft are maintained at such facilities

throughout the country. In 1974, more than 500 maintenance facilities were
surveyed for information on the labor requirement to retrofit a NARCO DME-
190 unit with an appropriate antenna in the low-performance class of air-
craft. The results of this survey were published in Cost Analysis of Air-
borne Collision Avoidance Systems (CAS) Concepts, FAA Report EM-76-1. In 1979,
ARINC Research interviewed a selected sample of the responding maintenance
organizations and obtained their new labor rates for comparison with those
furnished in 1974. The labor estimates obtained in 1974 were in hours and
are still considered valid. The new labor and material costs were
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Table 8-2. AVIONICS RETROFIT INSTALLATION HOURS AND COSTS
FOR HIGH-PERFORMANCE GENERAL AVIATION AIRCRAFT

Turbojet Turboprop
Cost Category

Hours Hours Cost* H

Stand-Alone Systems

Engineering 20 568 15 426

Antenna 50 1,420 25 710

Wiring 75 2,130 23 ,653

Installation 150 4,260 45 1,278

Certification 20 568 50 1,420

Material Dollars -- 275 -- 275

Total Installation Cost -- 9,221 -- 4,762

"Integrated Systems

Engineering 100 2,840 40 1,136

Antenna 50 1,420 30 852

Wiring 250 7,100 140 3,976

Installation 210 5,964 120 3,408

Certification 100 2,840 50 1,420V

Material Dollars -- 550 -- 275

Total Installation Cost -- 20,714 -- 11,067

Average Installation -- 14,968 -- 7,915
Cost

Retrofit Costs Based on 2,500 Turbojet and$97il ~ ~*1980 d~ollars at $28.40 per hour. [

published in FAA Report EM-79-14. We updated these labor and material costs
by using a Bureau of Labor Statistics inflation factor of 9.23 percent to
arrive at a new base labor rate of $25.25 per hour. Table 8-3 shows the
expected labor hours and material costs of retrofitting avionics in low-

2• performance GA aircraft, using the 1980 labor rate and cost of materials.
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Table 8-3. AVIONICS RETROFIT INSTALLATION HOURS AND COSTS
FOR LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT t.

Single-Engine Twin-Engine
Aircraft Aircraft

Cost Category Aircraft) Aircraft)

Hours* Cost** Hours* Cost**

Electronics 4.51 113.88 6.43 162.36

Antenna 2.32 58.58 3.21 81.05
Cabling 3.92 98.98 5.31 54.35

Material -- 40.43 -- 54.35

Total Installation Cost -- 311.87 -- 431.84

*Based on the mean of labor hours quoted by 125 facilities.
**1980 dollars at $25.25 per hour.

For the purpose of this analysis, we used a weighted average of $325 Wi
for a complete installation in low-performance GA aircraft. It was assumed
that installation costs in new low-performance GA aircraft would be 60
percent of the estimated retrofit cost of $325, or $195.

8.4 AIRCRAFT SCENARIO

Implementation of the MLS in aircraft is assumed to begin in 1989, based
on MLS ground system deployment in 1987. The two-year period between MLS
ground deployment and initial aircraft implementation allows for the instal-
lation of approximately 140 ground systems. With a continual ground system
implementation, this should offer an adequate incentive for operators to
install the MLS in their aircraft.

To develop an aircraft baseline for 1989 and project an expected instal-
lation schedule for the MLS, we reviewed a number of documents. Among these
were FAA Report AVP-;!0-8 of September 1980, FAA Aviation Forecasts FY 1981-
1992; FAA Report AVP-79-9 of September 1979, FAA Aviation Forecasts FY 1980-
1991; FAA Report AVP-78-11 of September 1978, FAA Aviation Forecasts FY 1979-
1990; FAA Report MS-79-5 of April 1979, 1977 General Aviation Activity and
Avionics Survey; FAA Report MS-80-5 of March 1980, 1978 General Aviation Ac-
tivity and Avionics Survey; FAA Statistic Handbook of Aviation for 1978; and
The World Aviation Directory, Volumes 75 through 80. Our purpose was to bal-
ance projections with production quantities to determine an increment of new
aircraft per year. Most forecasts deal only with actual total fleet increases
per year without providing separate categories for the number of new aircraft
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per year and aircraft inactivated each year. Table 8-4 presents the base-
line aircraft data as of 1 January 1979. This date was chosen because the
data of FAA Report MS-80-5 and FAA Report AVP-80-8 for that date agreed.
The table shows not only the baseline year, but the projected change in

'I active aircraft population per year. The avionics survey allowed us to
determine the percentages of aircraft with ILS, DME, R-NAV, or autopilots
installed. These percentages were used to determine the probable number
of MLSs installed per year. The extensive data base available in FAA Report
MS-79-5 and FAA Report MS-80-5 led to the determination that approximately
17 percent of the multi-engine piston aircraft were in the high-performance
category.

Table 8-4. BASELINE AIRCRAFT DATA

General Aviation Aircraft

Aircraft Data Category Low Performance High Performance Carier

rangine multi-Engine crafto Turbojet Turboprop Multi-Engin.

statistical Data as of I January 1979

Active Aircraft 160.700 1930 5.300 2,500 3,100 3,900 2,6252
Average Flight Hours per 173 263 36 SO S33 263 2,645
Year

Percent with =.S Equipment 46.4 95.8 11.7 95.0 97.2 95.8 100.0

Percent with DME 16.3 81.1 5.2 93.4 95.0 81.1 100.0

Percent with R-HAV 3.b 26.5 2.6 30.1, 44.0 26.5 100.0

Percent with Autopilot 19___ 79. ____)__ .8.. 91.0 84.4 79.4 100.0

Projectud Data

New Aircraft per Year 10,900 1.•500 450 400 600 300 115

New Aircraft per Year 5.060 1,440 ( 0 380 580 285 UI5
with £LS.

Aircraft Inactivated per 2,000 600 1UO 100 250 100 70
Year

A•r:raft Inactivated per 928 569 12 I5 246 95 70
Year with ILS

Aircraft Fleut Increase 8.9G0 90C 350 300 350 200 45
per Year

The data from Table 8-4 were combined with data from FAA Report AVP-80-8

to arrive at a projection of the expected active aircraft population. Table
8-5 uses the percentage of aircraft with ILS equipment to predict the average
number of MLS installations added per yea.. It was assumed that all new GA
aircraft that would implement the ILS beginning in 1989 would implement the
MLS according to the following schedule:

0 1989 to 1990 -- 25 percent MLS equipage

9 1991 to 1992 -- 50 percent MSL equipage
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Table 8-5. LIFE-CYCLE-COST BASnLINE DATA BY AIRCRAFT CATEGORY

General Avia'Uon Ai-rcraft Air

Aircraft Data Category CaeHigh Arri

Performance Performance A
,,_ _, _ ,= ,_,,_R

Statistical Data as of 1 January 1979

Active Aircraft 185,300 9,500 2,625

Aircraft Added per Year 6,550 1,245 115
with ILS

Aircraft Fleet Increase 10,150 850 45
per Year

Projected Data

Active Aircraft 286,800 18,000 3,075

Average Flight Hours per 189 416 2,645
Year per Aircraft

Active Aircraft with ILS 144,100 17,294 3,075

Average MLS Installations 6,550 1,24S 115 *Added per Year

Average MLS Installations 500* 500* 700**
Retrofitted per Year

*Constant throughout the LCC analysis.

**Four years only.

e 1993 to 1994 -- 75 percent MLS equipage

0 1995 to 2005 -- 100 percent MLS equipage

We also assumed that all new air carrier aircraft would be equipped with
the MLS beginning in 1989. Using these two assumptions and the data of
Table f,-5, we developed the installation schedule for the MLS avionics used
for this LCC analysis. The schedule is shown in Table 8-6.

The MLS retrofit data in Table 8-5 for GA aircraft are based on the
percentage of aircraft with R-NAV equipment. The reason for this is
because the ILS will remain available for 20 years after MLS installation
begins, and it was believed that the only GA aircraft that would be retro-
fitted with the MLS were those that had R-NAV capability. The number of
sets retrofitted was assumed to be a constant 500 units per year throughout
the LCC study for both high- and low-performance GA aircraft. It was assumed
that the retrofit period for air carrier aircraft would be four years at a
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Table 8-6. MLS AVIONICS INSTALLATION SCHEDULE

Number of Installations by MLS Avionics Class

High-Performance Low-Performanceyear Air carrier General Aviation General Aviation

New Retrofit New Retrofit New Retrofit

1989 115 700 315 50 1,638S

1990 115 700 315 500 1,638 Soo

1991 115 700 625 500 3,275 500

1992 115 700 625 500 3,275 500

1993 115 0 935 500 4,912 500

1994 115 0 935 500 4,912 500

1995 115 0 1,245 500 6,550 500

1996 115 0 1,245 500 6,550 500

1997 115 0 1,245 500 6,550 500

1998 115 0 1,245 500 6,550 500

1999 115 0 1,245 500 6,550 500

2000 115 0 1,245 500 6,550 500

2001 115, 0 1,245 500 6,550 500

2002 115 0 1,245 500 6,550 500 A

2003 115 0 1,245 500 6,550 500

2004 115 0 1,245 500 6,550 500

2005 115 0 1,245 500 6,550 500

2006 115 0 1,245 500 6,550 500200I n5 0 1,245 500 6,550 500
2007 115 0 1,245 500 6,550 500

2008 115 0 1,245 500 6,550 500

Total 2,415 2,800 22,425 10,500 117,900 10,500

scheduled for retirement within the first four years would be retrofitted

with the MLS. The four-year retrofit period is based on historical data.
The average number of flight hours per year per aircraft is a weighted
average of all aircraft in a category.
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On the basis of Table 8-5, we derived aircraft-particular parameters
such as quantities, flight hours, and production schedules for the airborne
portion of the LCC study. The table is based on current aircraft production
rates, aircraft exports, and FAA projections.

8.5 MAINTENANCE SCENARIO

Y The maintenance scenario used in the LCCM considered two levels ol
repair -- on-aircraft and off-aircraft maintenance. On-aircraft maintezadnce
consists of simple removal and replacement of failed units; off-aircraft
maintenance encompasses all other maintenance actions required in the event
of an equipment failure.

1 8.5.1 On-Aircraft Maintenance

On-aircraft maintenance cost is limited to the cost of removing and

replacing a failed unit. Preventive maintenance was not considered.

Removal and replacement actions are initiated when an aircraft lands

at a repair facility and reports an equipment failure. The cost incurred
is for the time required to complete the maintenance action, charged on an
hourly basis. For the purpose of this analysis, the time required was
assumed to be 1.5 hours, broken down as follows:

Fifteen minutes Zor the maintenan'. technician to get to the
aircraft

* Fifteen minutes to remove the failed unit

Fifteen minutes to take the failed unit back to the shop for
testing and repair or replacement

• Fifteen minutes to return to the aircraft with the repaired or
replacement unit

* Fifteen minutes to reinstall the unit in the aircraft

* Fifteen minutes for the maintenance technician to return to
the shop

8.5.2 Off-Aircraft Maintenance

Off-aircraft maintenance costs are costs incurred during the actual I
repair o: i failed module. These expenses include the costs of materials,
labor, shipping, and failure documentation. It was assumed that air car-
rier aircraft avionics would be sent to a depot for repair, and that high-
and low-performance GA aircraft avionics would be taken to an avionics KS~ repair shop.

Module repair at the avionics repair shop is restricted to bench
testing, removing, and replacing the failed modules within the failed
unit. Repair times are attributed to the unit and to each module. Since
a minimum number of spares (e.g., one of each type) are inventoried at
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avionics repair shops, users may often have to wait for their repaired
units to be returned. This waiting period is reflected in the avionics

repair shop and depot pipeline (turnaround) times and order and shipping
times for replacement modules.

It was assumed that, with the exception of the chassis, no modules
would be repaired at the avionics shop. Rather, the failed modules would
be shipped to a depot, or mahufacturer, for repair.

Once the failed module arrives at the 6epot it is repaired or replaced,
incurring both a materials cost and a labor cost. These costs are peculiar
to the particular module being repaired. The maintenance action is then
documented, and the repaired item is shipped back to the avionics repair
shop, thus completing the off-aircraft maintenance cycle.

It was assumed that there would be 20 bases and 3 depots for air
carriers in the first year of MLS implementation. This projection was
based on the number of major and nonmajor air carriers currently operating
and the probable number of manufacturers that might offer air carrier-
quality MLS equipment. For general aviation aircraft, we assumed that
initially there would be 25 avionics repair shops, increasing at a rate of
10 per year. The number of high-performance aircraft depots would increase
from two the first year to a maximum of four, and low-performance aircraft
depots would increase from two the first year to a maximum of eight over
the life of the program. These assumptions were based on the expected
limited implementation rate of the MLS in GA aircraft and the probable
number of equipment manufacturers. Currently there are approkimately
eight manufacturers of complete lines of low-performance aircraft avionics
and four manufacturers of high-performance aircraft avionics.

I
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CHAPTER NINE

INDIV.'DUAL AND FLEET COSTS FOR MLS AVIONICS IMPLEMENTATION

9.1 COST MODEL

To evaluate the economic impact of MLS avionics on the civil aviation
community, ARINC Research Corporation adapted and updated its airborne EAM
for this study.

The model has been programmed in FORTRAN IV+ for use with a Digital
Equipment Corporation PDP-11/34 minicomputer. It computes the expected I
annual and cumulative acquisition, installation, and ligistic support

costs for each concept. Appendix G documents the program features and
mathematical formulation of the EAM; Appendix H is a program listing of
the EAM.

9.2 ADDITIONAL INPUTS REQUIRED BY THE MODEL

The data developed in Chapters Seven and Eight constitute only a por-

tion of the data required to compare avionicb or establish the cost of
implementation. Many parameters contributing to the evaluation of the
systems and LCCs are dictated by the civil aviation user community. These

data were developed, as were other parameters required by the model, through
research conducted by ARINC Research Corporation for this contract and others.

A complete list of the parameters influencing the LCC evaluation is K
presented in Appendix I to this report. All the parameters considered to
be influential in evaluating the relative costs and reliabilities of the
systems have been programmed into the cost model.

9.3 RESULTS OF APPLYING THE ECONOMIC ANALYSIS MODEL

The ARINC Research EAM computes annual and cumulative acquisition, in-
stallation, and logistic support costs for each concept and user combination
desired. The model was programmed to print out data for 21 years to be
consistent with the ground LCC study. Airborne implementation was assumed
to have started four years after acquisition of the first ground system.
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This section presents the results derived from the model on the basis
of the parametric inputs provided. The results are presented on a per-
aircraft basis to facilitate identifying separately the costs of acquisition,
installation, nonrecurring logistics, and recurring logistics. The 21-year
life-cycle costs expected by an aircraft owner in any of the user categories
are also presented. The life-cycle costs of system implementation for each I
user community's total fleet of airc.aft are shown in graphic format to .1
illustrate the year-by-year cost of system implementation. During this

analysis, we did not consider the expected life of the avionics or their
possible replacement cost.

9.3.1 Cost of Ownership per Aircraft

The cost of ownership of MLS avionics on a per-aircraft basis consists
of the initial acquisition and installation costs for equipment configurations
(developed in Chapter Seven), a proportion of the nonrecurring logistic sup-
port costs (determined by averaging over the entire user population in the
21-year life cycle), the recurring logistic support costs attributed to an
aircraft during the first year, and the cumulative life-cycle cost of air-
craft maintenance during the 21 years. These costs can be combined to pro-
vide an evaluation of the system based on both initial investment and
reliability.

Logistic support costs are divided into two categories -- nonrecurring
costs associated with the introduction of a new system, and recurring costs j
experienced from normal correc.tive maintenance of the system. The cost
categories are as follows:

* On-aircraft maintenance
* Off-aircraft maintenance

* Spare parts

0 Inventory managementK Support equipment

0 Training

. Technical data and failure documentation

. Facilities

All of these cost categories contribute to the recurring logistics
costs, and all but on- and off-aircraft maintenance contribute to the
nonrecurring logistics cost. For example, spare parts are normally pur-
chased by a repair facility and introduced into the inventory system,
resulting in costs associated with the spares and inventory setup, both
of which are considered to be nonrecurring. Upon failure of a unit, spares
are used and replacement spares are ordered, generating a recurring cost
for parts and documentation. The EAM computes such costs on the basis of
the probability of failures.
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Logistic support costs on a per-aircraft basis for the GA community,I however, are limited to the recurring costs of maintenance, i.e., on- and
off-aircraft maintenance costs incurred in repairing a failed unit. We do
not expect that the individual GA aircraft owner would stock either spare
parts or test equipment and, consequently, directly incur the management

or facility costs associated with maintaining an inventory. The repair
facility inventory maintenance costs are reflected in the GA cumulative
life-cycle costs, however, since the rAM includes all cost categories.

9.3.1.1 Commercial Aviation

Table 9-1 presents the costs of implementing the MLS on a per-aircraft
basis. The table shows in 1980 dollars the acquisition, installation, and
estimated portions of the nonrecurring and recurring logistic support costs
to be incurred for MLS equipment installed in 1989. The life-cycle cost
represents the total cost associated with MLSs installed in 1989 and main-
tained through 2009. The exact relationship between the costs for the
first year of ownership and the life-cycle costs is complex and based on
the EAM. However, the life-cycle cost is essentially the first-year cost
plus the cumulative recurring logistics cost, without inflation.

Table 9-1. COST OF OWNERSHIP FOR COMMERCIAL

AVIATION AIRCRAFT

Costs (Constant 1980 Dollars)

Cost Category New Installation Retrofiti
Installation

Acquisition 33,536 35,536

Installation 6,940 11,560

Nonrecurring Logistic 10,032 10,032

Recurring Logistic 1,469 1,469
(First Year)

First Year of 53,977 58,597
Ownership

Life-Cycle Cost 83,357 87,977

The acquisition costs shown in Table 9-i are based on manufactured
quantities of 500 units per year per manufacturer. The relatively high
cost of acquisition is the result of dual MLS avionics being bought and
precision DME costs being included with the MLS avionics. Life-cycle cost
is, of course, governed by the length of the LCC study period.
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9.3.1.2 General Aviation

The data in Tables 9-2 and 9-3 identify the costs of ownership and the
anticipated life-cycle costs for general aviation aircraft. Acquisition
costs include the distribution costs expected in a competitive market.
Nonrecurring logistic support costs (e.g., spare inventory) on a per-aircraft
basis are not identified, since they are considered to be inappropriate for
the private GA aircraft owner. Recurring logistic support costs for each
system are based on the average number of flight hours per month.

High-Performance General Aviation Aircraft

Table 9-2 reflects the anticipated costs of ownership for the high-
performance GA aircraft community. The low recurring logistic support costs
for each system are based on a limited flight-hours-per-month average of
34.7 hours. For some classes of the high-performance GA community, e.g.,
corporate or cargo jet aircraft, these costs will increase considerably.
However, the typical owner of aircraft equipped with MLS avionics is expected
to experience the indicated average maintenance costs.

AICRF (ostn l8 ,iolas

Table 9-2. COST OF OWNERSHIP FOR HIGH-
PERFORMANCE GENERAL AVIATION
AIRCRAFT

Costs (Constant 1983 Dollars)

Cost Category Retrofit
New Installation Installation

Acquisition 15,220 15,220

Installation 5,860 9,770

Recurring Logistic 135 135
(First Year)

First Year of 21,215 25,125 4"
Ownership

Life-Cycle Cost 23,915 27,825

Low-Performance General Aviation Aircraft

Table 9-3 reflects the anticipated costs of ownership for the majority
of the GA community -- i.e., owners of low-performance GA aircraft. The
maintenance (recurring logistic) per aircraft is low but reasonable because
of the average flight time of 15.8 hours per month. The acquisition costs
are different from those in Table 7-14, because the LCC allows for normal
distributor discounts when the distributor installs the avionics.
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T ~b1.9-3. COST OF OWNERSHIP FOR LOW-
PERFORMANCE GENERAL AVIATION
AIRCRAFT

Costs (Constant 1980 Dollars)

Cost Category Retrofit
S°New Installation IsaltoS~Installation

Acquisition* 2,075 2,075

Installation 195 325

Recurring Logistic 10 10

(First Year)

First Year of 2,280 2,410S~ownership

iLife-Cycle Cost 2,460 2,590

S*Cost is discounted to allow for distributor
Sinstallation.

9.3.2 Fleet Life-Cycle Costs

The per-aircraft costs identified in the preceding section are important
to GA aircraft owners and small-fleet commercial air carriers. However, the
commercial air carriers support large fleets of aircraft and are more con-
cerned with the cumulative costs of system implementation than they are with
the proportional costs per aircraft. The cumulative costs include the total
costs of acquisition, installation, and recurring and nonrecurring logistics.
Cumulative costs also offer better insight into the impact that total cost
has on the user community.

The cost-model outputs based on the data developed are shown in Table
9-4 in constant 1980 dollars. Constant dollars (zero inflation rate) permit
comparison of costs with any other life-cycle study of comparable length,
regardless of the start of implementation, providing that the base costs are
presented in 1980 dollars.

Table 9-4 shows that the community incurring the highest life-cycle
costs is the high-performance GA aircraft community. This is simply because
of the high number of installations (32,925) over the life cycle compared with

the number of commercial air carrier installations (5,215), and the cost per
system for acquisition ($15,220) compared with that for the low-performance
GA aircraft community ($2,075).

Table 9-5 presents the life-cycle costs for the total community in
discounted 1980 dollars.



Table 9-4. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
CONSTANT 1980 DOLLARS

Cost by Aircraft Avionics Category
I••.... ... . .. ... Co me cilt

COSt Low-Performance High-Performance Total
Category General General Aviationl

Aviation* Aviation**

Acquisition 266.476 501.132 185.320 952.928

Installation 26.405 233.996 49.128 309.529

Nonrecurring 9.384 27.980 42.254 79.618
Logistic

Recurring 12.371 45.905 119.388 177.664
Logistic

Total 314.636 809.013 396.090 1,519.739
i ii . 1 .• i i i [ ii i i i

*117,900 new installations; 10,500 retrofit installations.
1*22,425 new installations; 10,500 retrofit installations.
t2,415 new installations; 2,800 retrofit installations.

Table 9-5. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
DISCOUNTED 1980 DOLLARS

Cost by Aircraft Avionics Category

CLow-Performance High-Performance Co l TotalCategory General General

Aviation Aviation Aviation

Acquisition 44.354 86.775 51.023 182.152 !

Installation 4.430 41.297 15.186 60.913

Nonrecurring 1.701 4.916 12.680 19.297
Logistic

Recurring 1.521 5.774 19.408 26.703
Logistic

Total 52.006 138.762 98.297 289.065

9-6
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9.3.2.1 Commercial Aviation Aircraft

Figure 9-1 represents the expenditures per year required to implement
MLS avionics in the air carrier community. The rapid rise in costs from
1989 through 1992 reflects the costs associated with retrofitting the entire
commercial fleet. The logistic support cost reflects the continual increase
in support required with an increasing number of systems and is indicative
of the high use of commercial aircraft per year.

9.3.2.2 High-Performance General Aviation Aircraft

FigLre 9-2 illustrates the cumulative life-cycle costs incurred by the
high-performance GA aircraft community. The primary costs associated with
MLS implementation are for acquisition, followed by installation. The
logistic support costs are relatively low because of the GA maintenance ý

philosophy discussed in Chapter Eight and the relatively low use of high-
performance GA aircraft per year.

9.3.2.3 Low-Performance General Aviation Aircraft

Figure 9-3 illustrates the cumulative life-cycle costs for low-perfor-
mance GA aircraft. Acquisition costs are the major cost driver for this
category of aircraft.

9.3.2.4 Total Aviation Community

Figure 9-4 presents the cumulative life-cycle costs for MLS avionics
implementation in the entire aviation community for the 21-year life cycle.
The data presented in the figure are the result of the implementation
scenario chosen.

9
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CHA PTER TEN

RESULTS OF EVALUATION

For this study, ARINC Research developed acquisition, installation, and
total life-cycle costs for grourd and airborne MLS configurations. Acquisi-
tion costs and equipment MTBFs were developed through the application of
ARINC Research-formulated inputs to a commercially available parametric
pricing model. The baseline equipment designs used for this study were the
existing prototype MLS ground and airborne equipments. Total system life-
cycle costs were evaluated w.ith ARINC Research-developed ground and airborne

economic analysis models. This chapter summarizes the results of the cost
analyses.

10.1 COST DATA FOR MLS GROUND CONFIGUPATIONS

.kcquisition costs were developed for four MLS ground configurations.
These configurations and their haracteristics are shown in Table 10-i.
All four configurations used iinear phased-array antennas. The Basic
azimuth antennas used conventional p!iased arrays in which each radiating
element is equipped with a phase shifter. The Basic elevation antennas
used the thinned-array concept, where four radiating elements are driven by
a common phase shifter. The thinned-array concept was also assumed for
the SCMLS azimuth and ele.vation subsystems.

The total developmen: and production costs associated with different
production quantities for the SCMLS configuration acquisition are shown in
Table 10-2. Similar costs for the Basic configurations are shown in Table
10-3. All costs are presented in constant 1980 dollars.

A direct comparison between the SCMLS and Basic production quantities
is not possible, because the Basic production quantities would provide
components for the three Basic configurations -- Basic I, Basic II, and
Expanded. Both the Basic I! and Expanded configurations were assumed to
use redundant electronics, so a 75-system production qtantity would have
to provide 95 sets of electronics. A system-by-system comparison is
also not possible, because the costs of the electronics in a Basic I system
would be based on the total electronics manufactured for all three Basic
configurations.

Table 10-4 presents the unit cost for each configuration, along with
the number of system t:'pes produced for the production runs.

10-1
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Table 10-2. SCMLS DEVELOPMENT AND MLANULnATURING COSTS FOR THREE-YEAR PRODUCTION RUN
IL

Quantity Manufacturing tCstst
(Millions of Constant 1980 Dollars)SDevolopment

75 110 145 180
Systems Systems Systf..s Systems

Elevation Antenna 0.378 1.691 2.422 3.024 3.655

Azimuth Antenna 0.384 2.44C 3.478 4.643 5.223

Electronics 0.441 5.914 8. 102 11.239 1.3.841

Field Monitors 0.046 0.:90 0.602 0.765 0.925

Remote Maintenance Monitors 0.003 0.377 0.560 0.741 0.923
Remote Control and Status Panels 0.133 0.356 0.494 0.628 0.759 ;

Integration and Test 0.159 0. 344 0.470 0. 560 0.660

Total 1.544 11.512 16.628 21.600 25.986

Total Angle Equipment Production Cost
(Development plus Manufacturing) 13.056 18.172 23.144 27.530

Distance-Measuring Equipment Cost 3.315 4.862 6.409 7.956

Total System Cost 16.371 23.034 29.553 35.486

A

Table 10-3. BASIC DEVELOPMENT AND MANUFACTURING C3STS FOR THREE-YEAR PRODUCTION RUN

Quantity Manufacturing Costs ••

e(Millions of Constant 1980 Dollars)Development

Subsystem Cost 1 14875 110 145 180 .•

Systems Systems Systems Systems

Elevation Antenna 0.916 4.501 6.210 7.893 9.114

Azimuth Ancenna 0.924 5.346 7.446 9.369 10.875

Azimuth Expanded Antenna 0.416 0.232 0.306 0.402 0.471

Electronics 1.250 14.630 20.080 28.390 36.150 A

Shelters 0.102 3.212 4.684 6.120 7.516 1

Field Monitors 0.046 0.438 0.612 0.781 0.978

Remote Maintenancr Monitors 0.003 0.387 0.571 0.752 0.936

Remote Control and Status Panel3 0.133 0.356 0.494 0.628 0.759

Integration and Test 0.262 0.826 1.116 1.384 1.571

Total 4.052 29.928 41.519 55.719 68.370

Total Angle Equipment Production Cost 3

(Development plus Manufacturing)

Distance-Measuring Equipment Cost 3.594 5.268 6.952 8.626

Total System Cost 37.574 0.839 66.723 81.048

10-3
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Table 10-4. MLS UNIT COSTS WITH PRODUCTION RATE VARIABILITY OVER A THREE-YEAR PRODUCTION RUN
(hILLIONS OF CONSTANT 1980 DOLLARS)

Production Quantities and Costs

75 Systems 110 systems 145 Systems 180 SystemsTSstem ,/pe ,,,_________ _____ _____ ____ _____ ____

Systemr Unit Systems Unit Systems 1Unit Systems Unit
Produced Cost Produced Cost Produced Cost Produced Cost

SCI4LS 75 203,300 110 194,400 145 188,800 180 184,900

Basic I 55 410,400 81 384,800 106 372,100 132 361,800

Basic !1 13 602,900 19 568,4C0 25 550,300 31 535,800

Expanded 7 700,000 i0 648,200 14 616,400 17 593,700

The costs presented in Tables 10-2 through 10-4 include many parts that
were priced as purchased items, including transmitters and DMEs. No cost
reductions were assumed for purchased parts for larger MLS production
quantities, because we had already assumed large quantity discounts for
purchased parts in the initial 75-system production run.

Even with the purchased parts, unit costs fo. the SCMLS are reduced
by approximately 9.1 p..rcent when the production quantity is raised from
75 to 180 systems. The Basic I costs are reduced by 11.8 percent, the |Basic II costs by 11.1 percent, and the Expanded costs by 15.2 percent as

the Basic production quantity is increased from 75 to 180 systems. The
larger reduction in the Expanded system costs is because of the larger
quantity of systems for amortization of the development costs for the 10
azimuth antenna.

10.2 LIFE-CYCLE COSTS FOR MLS GROUND EQUIPMENT

The 25-year life-cycle costs for each MLS ground configuration are
summarized in Table 10-5 in constant 1980 dollars and in Table 10-6 in
discounted 1980 dollars. The LCC study used system acquisition costs
based on a le0-system production run. The implementation scena.'io used
for the LCC analysis was taken from the draft MLS transition pla.x;
acquiring and deploying 1,177 MLS systems over 22 years. We incluaed a
back azimuth system at. 20 percent of the Basic I installations and at 10
percent of the SCMLS installations. We ran the LCC study over a 25'-year
period to examine the recurring logistic support costs without the effects
of acquisition and nonrecurring costs.

10.3 DISCUSSION OF SENSITIVITY ANALYSIS

A sensitivity analysis was performed for the following areas:

"• Sensitivity of life-cycle costs to variations in system MTBFs

"* Shelters versus weatherproof enclosures for Basic I MLS sites

10-4
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" Use of an azimuth beamwidth of 20 in lieu of 31 for tho •CMLS

" Coverage of 400 for the SCMLS

"• Implementation strategies

a Production schedules for MLS equipments

Major variations in data for reliability of the total system were considered
to determine if there were any conditions that would significantly change the
maintenance costs of the various systems. The configurations were normalized
to allow coimparisons among systems. It was found that the LCC was relatively
insensitive to changes in MTBF. This was not unexpected, because under the
centralized maintenance scenario, maintenance costs would not be a dominating
cost driver of the LCC.

A limited evaluation -was performed to determine the cost impact of
eliminating shelters at Basic I MLS sites. It was determined that acquisi-

tion costs could be reduced by approximately 10 percent and installation
costs by 13 percent. The major cost benefit for logistic support costs was
the reduction in the costs of recurring spares as a result of the elimina-
tion of the shelters. The assumed MTBF for the shelters was 15 years. The
total life-cycle cost for a weatherproof-enclosed Basic I configuration was
approximately 11 percent, or $51 million, less than that for a shelterized
Basic I configuration for the given implementation strategy.

Table 10-7 illustrates the variation in costs between different SCMLS
azimuth beamwidth and coverage configurations. A narrower beamwidth for
the system evaluated results in an increase in life-cycle costs of approx-
imately 3 percent, while wider coverage incurs a 9.5 percent increase in
cost. A narrower 6eamwidth combined with wider coverage results in an
increase in life-cycle cost of approximately 15 percent.

Table 10-7. LIFE-CYCLE COSTS FOR DIFFERENT SCMLS AZIMUTH CONFIGURATIONS,
BASED ON THREE-YEAR PRODUCTION RUN, 180 SCMLS

Cost by SCKLS Configuration
(Millions of Constant 1980 Dollars)

cost Category
30 Azimuth 20 Azimuth 30 Azimuth 2* Azimuth

+100 Coverage +100 Coverage +400 Coverage +400 Coverage

Acquisitiun 88.149 91.184 96.873 102.045

Installation 89.498 89.498 89.498 89.498

Nonrecurring Logistics 24.704 25.006 25.879 26.447

Recurring Logistics 84.020 89.651 101.324 112.020

Total 286.371 295.339 313.574 330.010

10-6
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MLS implementation strategies directly affected the study costs. We
investigated a number of different strategies derived from our basic study
strategy. The total acquisition, installation, and nonrecurring logistic
support costs were not affected by implementation strategy as long as an
equal number of systems were acquired for any given strategy. This was

expected as long as constant dollars were used. The recurring costs are
time-dependent, however, even in constant dollars, because spares and main-
tenance actions and costs are dependent on system MTBF. A faster implemen-
tation rate would increase the recurring logistic support costs.

We evaluated the single-system implementation strategy of buying only
Basic I configurations and compared the results to the mixed-system impiemen-
tation strategy. The LCC results showed that acquisition and installation
costs were higher for a single system. This was expected because of the elim-
ination of the lower cost SCMLS configuration. For the same implementation
period and an equal number of systems purchased, there was a 53 percent re-
duction in nonrecurring logistic support costs and a slight reduction in re-
curring logistic support costs. In addition, an all-Basic I implementation
re uired more system maintenance hours on an annual basis -- 575,900 hours
versus 551,700 hours -- but at an increase in cost of only $0.35 million. I

We also evaluated a new transition plan strategy to acquire 1,250

systems over a 15-year period. The costs associated with this implementa-
tion plan were presented for information purposes only.

The production schedules for MLS equipments were evaluated wich respect
to both cost reduction through quantiLy production and the effect of two
manufacturers for a single configuration compared with a single manufacturer.
The cost reduction with varied production rates is shown in Table 10-4. A
comparison of data for dual manufacturers producing 75 SCMLS each and a
single manufacturer producing 145 SCMLS showed all costs to be higher for
the dual-manufacturer strategy -- approximately 8 percent higher for acquisi-
tion, 100 percent higher for nonrecurring logistics, 54 percent higher for
recurring logistics, and 27 percent higher for the total life-cycle cost.

10.4 COST DATA FOR MLS AIRBOR1E CONFIGURATIONS

In addition to developing acquisition costs for ground equipment, this
study also developed acquisition costs for the three MLS airborne configura-
tions -- air carrier aircraft avionics, high-performance general aviation
aircraft avionics, and low-performance general aviation aircraft avionics.

The total avionics acquisition costs associated with the MLS airborne
configurations are shown in Tables 10-8, 10-9, and 10-10. The values
indicate the prooable selling price of the avionics to the respective
users. Appropriate markups for distribution are included on the basis of I
known or expected practices of the avionics manufacturers. All costs are
based on 1980 dollars without inflation. Costs may vary as a function of4 the production volume dictated by user demand.

10-7
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Table 10-8. AIR CARRIER AVIONICS COST PER MLS INSTALLATION,
BASED ON 500 UNITS PER YEAR (1980 DOLLARS)

Cost Total System
Equipment Quantity per Unit Cost

MLS Receiver-Processor 2 8,880 17,760

MLS Control Panel 2 1,026 2,052

MLS Auxiliary Data Display 1 2,539 2,539

C-Band Antenna 2 150 300

Precision DME 1 11,385 11,385

Computer Intekface 1 1,500 1,500

Total 35,536

Table 10-9. HIGH-PERFORMANCE C..3NERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DCLLARS)

Cost Total System
Equipment Quantity Cost To stper Unit Cost

MLS Receiver-Processor 1 7,219 7,219

MLS Control Panel 1 923 923

C-Band Antenna 1 195 195

L-Band Antenna 1 117 117

Conventional DYE 1 5,850 5,850

CDI Display 1 916 916

Total 15,220

18
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Table 10-10. LOW-PERFORMANCE GENERAL AVIATION AIRCRAFT
AVIONICS COST PER MLS INSTALLATION, BASED
ON 1,000 UNITS PER YEAR (1980 DOLLARS)

Cost Total System

Equipment Quantity per Unit Cost

MLS Receiver-Processor 1 1,648 1,648

C-Band Antenna 1 346 346

CDI Display 1 600 600

Total 2,594

The costs developed in this study were based on existing prototype
equipments. Actual costs were derived only for equipment that needed to
be developed for MLS installations.

10.5 LIFE-CYCLE COSTS FOR MLS AIRBORNE EQUIPMENT

munity are presented in Tables 10-11, 10-12, and 10-13 for both new and

retrofit installations. The unit acquisition cost for low-performance GA
aircraft in Table 10-13 is different from the acquisition cost illustrated
in Table 10-10, because the LCC allows for the normal distributor discount
if the distributor installs the avionics in the aircraft.

Table 10-11. COST OF OWNERSHIP FOR COMMERCIAL
AVIATION AIRCRAFT

Costs (Constant 1980 Dollars)

Cost Category
RetrofitNew Installation I s al t o

Installation

Acquisition 35,536 35,536

Installation 6,940 11,560

Nonrecurring Logistic 10,032 10,032

Recurring Logistic 1,469 1,469
(First Year)

First Year of 53,977 58,597
Ownership

Life-Cycle Cost 83,357 87,977

10-9



Table 10-12. COST OF OWNERSHIP FOR HIGH- 2.
PERFORMANCE GENERAL AVIATION
AIRCRAFT

Costs (Constant 1980 Dollars)

Cost Category V
RetrofitNew Installation Installation

Acquisition 15,220 15,220

Installation 5,860 9,770

Recurring Logistic 135 135
(First Year)

First Year of 21,215 25,125
Ownership

Life-Cycle Cost 23,915 27,825

Table 10-23. COST OF OWNERSHIP FOR LOW-
PERFORMANCE GENERAL AVIATION
AIRCRAFT

Costs (Constant 1980 Dollars)

Cost Category Retrofit
New Installation IntallatInstallation

Acquisition* 2,075 2,075

Installation 195 325

Recurring Logistic 10 10
(First Year)

First Year of 2,280 2,410
Ownership

Life-Cycle Cost 2,460 2,590

*Cost is discounted to allow for distributor
installation.

Table 10-14 presents the cumulative life-cycle costs for the entire
aviation community in constant 1980 dollars; Table 10-15 presents these
costs in discounted 1980 dollars. The individual aircraft owner costs
are likely to be of the most interest to the general aviation community,
while the air carrier community will probably be more concerned with the
cumulative costs of system implementation. No sensitivity analysis was
conducted for the MLS avionics.

10-10
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Table 10-14. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
CONSTANT 1980 DOLLARS

Cost by Aircraft Avionics Category

Cost Low-Performance High-Performance Total
Category General General Commercial

Aviation* Aviation** Aviationt

Acquisition 266.476 501.132 185.320 952.928

Installation 26.405 233.996 49.128 309.529

Nonrecurring 9.384 27.980 42.254 79.618
Logistic

Recurring 12.371 45.905 119.388 177.664
Logistic

Total 314.636 809.013 396.090 1,519.739

*117,900 new installations; 10,500 retrofit installations.
**22,425 new installations; 10,500 retrofit installations. j
t2,415 new installations; 2,800 retrofit installations.

Table 10-15. CUMULATIVE LIFE-CYCLE COSTS FOR MLS IN MILLIONS OF
JISC6UNTED 1980 DOLLARS

Cost by Aircraft Avionic Category

Cost CmecaCat Low-Performance High-Performance Total
Category General General Commercial

Aviation Aviation Aviation

Acquisition 44.354 86.775 51.023 182.152

Installation 4.430 41.297 15.186 60.913

Nonrecurring 1.701 4.916 12.680 19.297
Logistic

Recurring 1.521 5.774 19.408 26.703
Logistic

Total 52.006 138.762 98.297 289.065

10-1l



10.6 RELATION OF THE MLS COST ANALYSIS TO IMPLEMENTATION OP A NATIONAL,

MICROWAVE LANDING SYSTEM

The purpose of this study was to evaluate the costs of the ground and
airborne equipments of the MLS concept; it was not intended to address
other key issues that will most likely affect tne implementation of a

National Microwave Landing System (NMLS). Among these issues are such
questions as what is the best implementation strategy, how many systems
of what type should be deployed and where, and is there an optimum beam-

width/coverage system with respect to dollars spent.

The installation costs in this study may be considered to be those for
a worst-case scenario, because we did not consider any cost benefits that
may accrue during installation because of existing trenches, cables, pads,
and roadways. In addition, the analyses and results reported herein have
been based on assumptions of deployment and maintenance scenarios as well
as production quantities of equipment. Any changes to those assumptions
will change the LCC results. The sensitivity analysis offers some insight
into how the LCC results would change with different implementation
strategies, equipment deployment strategies, and manufacturer-producibility
strategies.

10-12
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APPENDIX A

MLS GROUND CONFIGURATIONS DETAILED COSTS

This appendix presents a typical RCA PRICE input worksheet and output
data sheet. It also presents system parts lists and costs for Basic I andSCMLS configurations. The parts lists denote manufactured anc, purchased

parts. f B

A-i Typical PRICE Data Input Sheet A-3
A-2 Typical PRICE Data Output Sheet A-4

Table

A-i Basic I Azimuth Antenna Parts List and Costs A-5 I
A-2 Basic I Elevation Antenna Parts List and Costs A-6
A-3 Basic I Azimuth Electronics Parts List and Costs A-7
A-4 Basic I Elpvation Electronics Parts List and Costs A-9
A-5 Basic I Peripheral Equipment Parts List and Costs A-11
A-6 SCMLS Azimuth System Parts List and Costs A-12
A-7 SCMLS Elevation System Parts List and Costs A-13
A-8 MLS Monitors and Other Equipment A-14

A-I

A



Input Data File name:
Worksheet Basic Modes Shoot "1o '8 _

"PRICE 84 (This mutt be used only me the first line of the tile.)

Title: Azw~c couPsE PtA~3E Pc BoARD Data:

Production I E/M TIEM
Chnt, Pwotorriet Iftigt Oihl Vohifi I~tA 2 MECIHANICAL

ITEM
Gerwai A OTY? PROTOS WT VOL MODE S MODIFIED ITEM

110 1 0.45 0.016 10 DESIGNTCS

HbgWo Assebtiv Electroni 5rw~.tu.ra LOW

General B OTYNHA INTEOS IN[TIS3 PLTFM f* 46ý

I0. 3 0. 3 1.3

Mecmanical/ srtie Mervleasin Ne

Structural WS 0 - -S

Electroics WUC MCPLXesa NOVIL

28. 1 6.90 1.0 ' - .~,

Dev'.osoP~wI In Prototype 0.ewsowmuiw Ilft~l,,. ,eaW& h et"
Stem Coflwto ComitSM Con.*i0ally T40 w%% M~

Development DISTART OFPRO OLPRO 1CMFLX WVIAT "to"

ISO C 4; 591 1.0 03_____

Podqelto, First Attfltc 11re.ciaen c~eut-Peinu Too"& won
3Ir 0.11wey COMPI.?. Fastw TOM 51010

Production PSTAAT PFAD PEND CPF "WITW N ATOOt

6 d 1 582 584 0.90 0.3.

Production Oatwwwemn
Aztuci Avmers Urn? Tetai yOt~yF. Toto

Ctnt Dmt AUICOST "COST POICOST o rCOST

(Modle 7 only)

Additional Vouf Freto w"hm w Cost
Data USE VOL wSp TARCST

(Mode 10 only)

Nates:
DWG $14046810

44046529

GIC 1813 6/80 Note: Inputs in shaded urea are optional.

Figure A-1. TYPICAL PRICE DATA INPUT SHEET

Best AvailalCoy-



- -- PRICE 84---
fLL ELECTRONIC ITEM

DATE 20-APP-SI TIME 10203 FILENAME9 RZBW3.DAT
(281 058) ,

AZWEC COURSE PHASE PC BOARD

PRODUCTION QUANTITY 110 UNIT WEIGHT 0.45 MODE I
PROTOTYPE QUANTITY 1.0 UNIT VOLUME 0.02 QUANTITY/NHA 1

UNIT PROD COST 388.62 COST PROCESS FACTOR 0 MONTHLY PROD RATE 4.54

PROGRAM COSTe'S 1) DEVELOPMENT PRODUCT ION TOTAL COST
ENGINEERINr'G

DRAFTING 10856. 1525. 123871.
DESIGN 35370. 4279. 39449.SYS;TEM-S 1595. - 1596.

PROTJECT MGMT 22303. 4863.
DATA 76O2. 767. 1529.

SUBTOTAIL (ENG) 50814. 9203. 60017.

MANUFAC TUR I siG-
PRODUCT IONH 42748. 42748.
PROTOTYPE 19.- 1096.
TOOL-TE--T EO 102. ;P17. 319.

SUBTOTRL (MF6) 1199. 42965. 44164.

TOTAL COST 52012. 52168. 104120.

DESIGN FACTORS ELECTRONIC PRODUCT DE7ECPIPTOPS
WEIGHT 0.450o ENGINEERING COMPLE:,ITY 1. I0-
DENSITY 28.125- PROTOTYPE SUPPORT 1.0
MFG. COMPLEXIT'I 6.900 PROTO SCHEDULE FACTOR .200
NEW DESIGN 1.000 ELECT VOL FRACTION 1.000.
DESIGN REPEAT 0.000 PLATFORM 1.3
EQUIPMENT CL-S .. *** YEAR OF TECHNOLOGY 1980
ENGINEERING CHAiGES- .100* RELIABILITY FACTOR 1.0'
INTEGRATION LEVEL 0.3 MThF (F IELD) 329*7*

SCHEDULE START FIRST ITEM FINISH
DEVELOPMENT JAN 80 ( 11) NOV 80* ( 6 MAY 81 ( 17)
PRODUCTION MAY 81 ( 13> MAY S2 ( 24) MAY 84 ( 37)

SUPPLEMENTAL INFORMATION
YAAR OF ECONOMICS 1980 TOOLING ", PROCESS FACTORS
ESCALATION 0. 00 DEVELOPMENT TOOLING .300
T-I COST 628.22. PRODUCTION TOOLING .300
AMORTIZED UNIT COST 474.25* RATE TOOLING 0
DEV COST MULTIPLIER 1.38 PRICE IMPROVEMENT FACTOR .900
PROD COST MULTIPLIER 1.38 UNIT LEARNING CURVE .913*

COST RAINGE- DEVELOPMENT PRODUCTION TOTAL COST
FROM 46716. 46642. 93357.
CENTER 52012. 52168. 104180.
TO 60074. 59984. 120058.

Figure A-2. TYPICAL PRICE DATA OUTPUT SHEET
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Table A-I. UASIC I AZTEWH ANTENNA P'AIRTS LIST AND COtSTS

item*oSystem..

Itl Sue* Wm Quantity Develomnt Production Unit System

(S/Unit) (S/Unit) (Dollars) (Dollars)

Chassis Mt 59401 1 651 6552 7203 7203

Grond Plane M 88225 1 233 1777 2010 2010

Padu K 50858 1 832 5011 5843 5843

Undercarriage M 248365 1 229 1899 2128 2128

Vavequide Element M 175286 54 1 103 104 5616

Waveguida Plate M 486587 10 1 16 17 170

Waveguide clamp M 1526463 6 1 1 2 12

Air Duct H 163715 2 3 295 298 596

PCB I M 30107 1 237 492 729 729

PC$ 2 II 30685 1 233 484 717 117

CO3 3 32987 1 208 406 614 G14

PCI 4 H 27398 1 244 469 713 713

PCS 5 M 35446 1 195 374 569 569

PC 6 H 37815 2 74 243 317 634

PO 7 M 43245 1 150 256 406 406

BSU Panel M 35283 1 126 152 278 278

Card Rack M 173032 1 5 323 328 328

Environvantal P 109019 1 1 217 218 218

Cont•ol Box

Safety Switches P 391741 1 1 31 32 32

Pootr Supply P 40000 4 3 520 523 2092

Phase 3hifter M 196422 50 3 251 254 12700

Power nivider M 154452 1 131 381 512 512

Video Amplifier P 17735 1 5 902 907 907

Detector P 660766 1 11 2029 2040 2040

Coupler P 154568 1 2 315 317 317

Firo Extinguisher P 20,4304 1 1 69 70 70

Air Conditioner P 85949 2 3 583 586 1172

Integral Monitor H 87114 1 219 943 1162 1162

Junction Box P - 1 10 1771 1781 i/b1

Obstruction Liqght P - 1 2 362 364 364

Junction Box P 4 1 44 45 180

EMI Filter P - 1 2 322 324 324

Fan p 4 1 72 73 292

Integration & Tost H - 1 246 1406 1652 1652

* H - Manufactured
P - Purchased

A-5
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Table A-2. BASIC I £LEVATION ANTENNA PARTS LIST AND COSTS

Cost
tem Source* NF� System

Quantity Development Production Unit system
(S/Unit) (S/Unit) (Dollars) (Dollars)

Chassis M 115022 1 1214 12849 14063 14063

Radca. H 67870 1 407 2211 2618 2618

Air Duct K 122195 2 37 663 700 1400

OCI/Antenna Assembly M 56176 1 695 4251 4946 4946

Phave Shifter M 196462 24 3 251 254 6096

Antenna Element M 934,8 1 204 1034 1238 1238

PC Board M 117314 1 110 400 510 510

Monitor Waveguide M 134819 2 42 365 407 814
OCI Radome M 167443 1 58 200 258 258

Status Panel M 35283 1 217 161 378 378

PCs I M 17700 1 267 1126 1393 1.393

PCB 2 M 21444 1 192 638 830 830
PCB 3 M 18309 1 252 1018 1270 1270
PCB 4 M 18058 1 258 10t62 1320 1323

Electronic Rack K 173032 1 5 323 328 328

4-Way Power Divider P 58656 1 2 354 156 356 'A

6-Way Power Divider P 27304 4 1 418 419 1676

Power Supply P 40000 5 2 644 646 3230

Air Conditionec P 85949 1 3 5143 586 586

Blink Lights P - 1 2 362 364 364
E4I Filter P - 1 2 322 324 324 '

Lightning Board M 20936 2 1 370 371 742
Vent Fen P - 2 2 72 73 146

Environmental P 2187887 6 1 15 16 96Control

Bus•ar P 14 1 3 4 56

Power Box P 32588 3 1 96 97 291

Relay P 17049 1 1 51 52 52

Integration 8 Test M - 1 249 883 1132 1132

SM - Manufactured

P - Purchased

"14

II
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?able A-]. BASIC I AZIMUT1 ELECTRONICS PARTS LIST AND COSTS

Coat
8ytmPoutIn ntISystem

Use; Soure* MTVP Quantity Develoltmnr rdcin nt Sse

.t . (tTUWnUt) (S/Uniti (Dollars) (Dollars)

MZimUth Maintenance Monitor

"M 32718 3 12 221 233 699

PC 2 M 43189 1 36 191 227 227

PCB 3 H 35252 1 39 191 230 230

PCs 4 M 33468 1 31 219 z50 250

PCB 5 N 32835 1 22 208 230 230

PCB 6 M 32527 1 63 256 319 319

PCs 7 M 39542 1 31 138 169 169

PCs 8 M 30976 2 31 256 287 574

PCB 9 M 33437 1 121 254 375 375

PCB 10 M 31510 2 18 241 259 518

PCB 11 M 33112 1 32 22@ 260 260

PCs 12 M 32635 1 94 226 320 320

PCs 13 M 36131 1 80 180 260 260

PCB 14 M 36753 1 26 170 196 196

PCs 15 M 35706 1 1') 161 180 180

PCs 16 M 33157 1 62 294 356 356

PCs 17 M 36700 1 26 171 197 197

PCs 18 M 33468 2 2') 205 234 468

PC 19 M 33157 3 7 217 224 672

PCs 20 M 32565 1 48 266 314 314

PC8 21 M 30301 1 25 290 315 315

Front Panel PCB M 19829 1 284 319 319

Front Panel M 162673 1 1. 277 289 289

Chassis M 133780 1 10 534 544 544

Integration & Test M ] 83 328 411 411

Transmitter J 30000 1 212 48,300 48,512 48,512

M - Manufactured
P -, Purchased

(continu.d)

II

A- 7

-u: -



Al

Table A- 1. (,:ontLLnld)

Cost

itmsureI a System
Sore ? Quatit Development Prodietion unit Systolm

(SAInit) ($/Unit) (Dollars) (Dollars)

Azimuth Local Control Statue,,-

PCs 1 4 31994 1 9 271 280 280

PCs 2 H 30022 1 24 283 307 307

PCH3 34770 1 80 226 306 306
PCB 4 14 34127 2 41 201 242 404

PCB 5 14 39542 1 63 157 220 220

PCs 6 M 35093 1 79 221 300 300
Pz:B 7 14 36753 1 16 170 186 196 •

PCsB a 35730 1 26 162 188 188
PC, 9 H 32638 1 69 303 372 372

PCs 10 M 32278 1 84 460 544 544

Oscillator P 107029 1 1 136 137 137

Front Panel PC8 H 21075 1 33 270 303 303

Front Panel H 162673 12 277 289 289

Chassis 1239S4 1 12 651 663 663"

Inteqrat! & Test H -- I Q1 201 262 262

Electronici Pov•.r Supplies

Power Supplies P 40000 4 3 644 647 2588

Front Panel H 194135 1 1 207 208 208

Chassis J 137606 1 3 496 499 499

Integration & Tebt H - 1 48 92 140 140

Haintenance 1
Monitor Power Supplies

Poer Supplies P 40000 3 3 641, 646 1938

Front Panel H 194135 1 I 205 206 206

Chassis M 137606; 3 502 505 SOS

Integration . Test H - 1 57 91 148 148

"H Manufactured
P P urchased

A-8



Tablo A-4 8ASIC I ELEVATION ELECTRONICS PARTS LIST AND COSTS

Cost
Item ource K?9? Sytem

Itmsuc*Quan tity Development Iroiton Unit ISysteM
(S/UniS) (S/Unit) (Dollars) (Doll ars)

Eievation Maintenance Monitor

PCsI M 32718 3 12 221 233 j 699

PCD 2 24 43189 1 36 191 227 227

PCB 3 M 35252 1 39 191 230 j 230

PCfl 4 M 33468 1 31 219 250 250

PCs 5 M 32835 1 22 208 230 230

PCs 6 M 39542 1 31 138 169 169

PCB 7 H 30967 3 31 256 287 861

PCSB 2 M4 41589 1 166 453 619 619
PCs 9 M 31510 2 18 241 259 518

P 1B 21 M 33112 1 31 229 260 260

Prn 11 H 32835 1 94 226 320 320

PCr 12 M 36131 1 81 179 260 260
P'.B 13 44 35706 1 19 161 180 180

PCs 14 M 38957 1 176 479 655 655
Pts 15 M 41368 1 133 270 403 403-•:

PCn 16 :o 36700 1 26 171 197 197
PCs 17 M 33466 1 29 205 234 234

PCT is M 36284 1 213 367 530 530

PCs 19 M 33157 3 7 17 224 672-

A-i & T

Trnsite 21 303000 1 212 48,30 48,12 4855112

SM Manufactured

P -Purchasea

(continued)
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Table A-4. (continued)

Cost

Item Source* MfF SystemISQuantity Development Production Unit System
($/Unit) (S/Unit) (Dollars) (Dollars)

Elevation Local Control/Status

PCs1 M 31994 1 8 272 280 280

PCB 2 M 30022 1 25 293 318 318

PCs 3 M 38665 1 188 33] 519 519

PCB 4 M 34127 2 41 209 250 500

PCs 5 H 35730 1 26 168 194 194

PCB 6 M 37216 1 162 499 661 661

PC3 7 M 37216 1 162 499 661 661

Osc. llator P 107029 1 1 136 137 137

Froat Panel PCB M 21075 1 36 245 281 281

Front Panel M 162673 1 12 281 293 293

Chassis M 123004 j 1 11 660 671 671

Inteqration T Test M - 1 46 147 193 193

Electronics Power Supplies

T

Power Supplies P 40000 4 3 644 647 2588

Front Panel M 194135 1 1 207 208 208

Chassis H 137606 1 3 496 499 499

Inteqr&ation A Test M - 1 48 '92 140 140

Maintenance Monitor Powexr Supplies

PoweL Supplies P 40000 3 3 642 646 1938

Front Panel M 194135 1 1 205 206 206

Chassis M 137606 1 1 502 505 505

Integration & Test M I. 57 91 148 1 148

14 - Manufactured
P - Purchased

I.

II
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Table A-5. BASIC I PERIPHERAL EQUIPMENT PARTS LIST AND COSTS

Cost
Item•ure• •'BF System

Source ATBF Quantity Developent Production Unit SystemI(/Snit) (S/Unit) (Dollars) (Dolla)

Azimuth and Elevation Cabinet

Cabinet P 66359 2 1 332 333 666

Grill P 229440 2 1 33 34 68

Blower P 89279 2 1 211 212 424

Amplifiers p 17735 8 i 502 503 4024

RF Detector P 41443 6 3 475 478 .4
Directional Coupler P 154365 2 1 316 317 634

Integration & Test P - 2 221 270 491 982

Azimuth and Elevation Shelter

Shelter P * * 2 31 11270 11301 22602

AC Power Distri-u- P * * 2 1 282 283 566
tion Box

Air Conditioner P 85949 2 1 500 501 1002

Telephone P . * 2 1 44 45 90

Work Bench P * * 2 1 136 137 274

Work Cabinet P * * 2 1 327 328 656

Exhaust Fan P * * 2 1 104 165 330

Fire Extinguisher P * * 2 1 68 69 139

Nitrogen Supply P * * 2 1 403 404 8Ce
Bottle

Air Exhaust Duct M * * 2 13 312 325 650

Lights P . . 2 1 362 363 726

Air Intake M . * 2 29 801 830 1660

oCI Antenna Bracket M - * 2 31 403 434 868

ID Antenna Rracket M * * 2 16 )79 395 790

Waveguide Assembly M 175286 4 1 104 105 420

Radome M 104591 4 43 594 637 2548

Signal Distribution P * 2 8 2897 2905 5810
Box

Integration & Test M - 117 355 472 944

INTEGRATION AND TEST

Azmuh Subsystem 1- 825 2635 3460 3460

Elevation Subsys%:e. .1 1 747 2106 2853 2853

Basic I System M - 1 807 2422 3229 3229

* * - All item included in 15-year MTBF of shelter.

m a manufactured
P - Purchased

A-l1



7able A-6. SC!"S AZIMUTH SYSTEM PARTS LIST AND COSTS

Cost

Its Source* M Sytem
Quantity Development Production Unit System

(S/Unit) (S/Unit) (Dollars) (Dollars)

PCsI 14 20978 1 104 337 441 441

PCB 2 M 20130 1 130 532 662 662

PC3 3 14 16852 1 166 759 "325 925

PC3 4 14 21156 1 193 559 752 752SPC 5 14 16852 1 166 759 925 925

PCB 6 M 17502 1 157 693 850 850

PC Chassis 1 184493 1 7 242 249 249

Antanna Chassis 14 41330 1 487 2251 2738 2738

Undercarriage 14 - 1 229 1872 2101 2101

Radom 14 66452 1 428 2377 2805 2805

Antenna Element 1 193720 52 1 79 80 4160

Antenna PC Board 4 393727 1 34 207 241 241

Column Radiator H 144408 1 84 242 326 326

Phase Shifter 1 196462 10 11 287 298 2980

Phase Shifter Driver M 112454 10 4 76 80 800

ronnectors P 248590 67 1 25 26 1742

Timer P 8450 1 1 46 47 47

Voltmeter P - 1 1 31 32 32 i
Volt & Timer Chassis 14 242921 1 20 124 144 144

Power Supply P 40000 3 4 644 648 1944

Status Panel M 35283 1 82 135 217 217

Blink Lights P 249062 1 2 362 364 364

Circuit Breaker P 311442 1 1 104 105 105

Transmitter P 30000 1 16R 12200 32368 32368

Battery Pack P 26304 1 4 781 785 785

Telephone P - 1 1 44 45 45

Air Conditioner P 69398 1 3 583 586 586

Integral Monitor M 31143 1 191 290 481 481

Field Monitor M 31143 1 191 290 481 481

Modem P 14904 1 3 483 486 486

6-Way Power Divider P 27304 3 1 419 420 1260

2-Way Power Divider P 82431 2 1 201 202 404

Voltage Regulator P - 1 2 322 324 324

L'ghtnxnq Boards 14 50000 z 1 402 403 806

Maintenance Shelter M 581659 1 1 242 243 243

Integration & Test 14 - 1 319 1183 1502 1502

System Integration 14 - 225 1209 1434 1434
. Test

* 14 M Manufactured
P a Purchased

A- 12
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Table A-7. SCMLS ELEVATION SYSTEM PARTS LIST AND COSTS

Cost
system

Item Source* MMte
Quantity Development Production Unit System

(SUnit) (SUnit) (Dollars) (Dollars)

PCB 1 4 20978 1 104 337 441 441

PCB 2 M 20130 1 130 532 662 662

PCB 3 M 16852 1 166 759 925 925

PCB 4 M4 21156 1 193 559 752 752

PCB 5 M 16852 1 166 759 925 925

PCB 6 M 17502 1 •57 693 850 850

PC Chassis 14 184493 1 7 242 249 249

Antenna Chassis M 33670 1 ;06 3084 3590 3590

Undercarriage M - 1 229 1872 2101 2101

Radom. K 93040 1 192 960 1152 1152

Antenna Element M 90325 1 167 864 1031 1031

Antenna PC Board M 367910 1 32 249 281 281

Column Radiator M . .....- i

Phase Shifter M 196462 10 I1 287 298 2980

Phase Shifter Driver M 112454 10 4 76 80 800

Connectors M 248590 20 1 25 26 520

Timer P 8450 1 1 46 47 47

Voltmeter P - 1 1 31 32 32

Vol mar Chassis M 242921 1 2o 124 144 144

Powe, .. , P 40000 3 4 644 648 1944

Status Panel M 35283 1 42 115 217 217

Blink Lights P 249062 1 2 3b2 364 364

Circuit 3reaker P 311442 1 1 104 105 105

Transmitter P 30000 1 1622 32200 32368 32368

Battery Pack p 26304 1 4 781 785 785

Telephone P - 1 1 44 45 45

Air Conditioner P 69398 1 3 583 586 586

Integral Monitoc P 31143 1 191 290 481 481

Field Monitor P 31143 1 191 290 481 481

Modem P 14904 1 3 483 486 486

6-Way Power Divider P 27304 3 1 419 420 1260

2-Way Power Divider P 82431 2 1 201 202 404

Voltage Regulator P - 1 2 322 324 324

Lightning Boards M 50000 2 1 402 403 806

Maintenance Shelter P 581659 1 1 242 243 243

Integration & Test M 1 332 1147 1479 1479

4M - Manufacturer
P - Purchase

A-13
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Table A-1. MLS MONITOR3 AND OTHER EQUIPMEN4T

Cost
System....

Item Jource6 W'ar Quantity Development ftoduction Unit System
(3/Unit) ($/Unit) (olas [DI D lollaral

Azimuth rield Monitor

fage Plate M 299016 1 7 229 236 236

Lower Mast M 223129 1 14 459 473 473

Edge Slot Element H 175450 1 2 102 104 104

Power Box P 221629 2 1 129 130 260

Detector P 41443 1 1 475 476 476

Amplifier P 17735 1 1 502 503 503

Integration & Test M - 1 8 27 35 35

•i Elevation Field Monitor

Rase Plate M 282262 1 7 263 270 270

Monitor Pole M 207410 1 27 245 272 272

Lower Mast M 223129 1 16 459 475 475

Element Extension M 210337 1 26 236 262 262

Hesting Channel M 279709 1 17 114 131 131

Mset Section N 216182 1 25 220 245 245

AC Power Box P 221629 2 1 129 130 260

Lights P 249062 1 2 365 367 367

Detector P 1 1 475 476 476

Amplifier P 1 1 502 503 503

Inteqratior, & Test N 1 14 53 67 67

Tower Remotu Panel

PCD I M 35871 1 209 505 714 714

PCB 2 N 34308 1 19S 408 603 603

Front Panel PCB K 21412 1 96 339 435 435

Front Panel K 162673 1 83 340 423 423

Remote Chassis H 133991 1 28 645 673 673

Power Supply P 40000 2 3 644 647 1294

Inteqration & Teat N - 1 67 108 175 175

Other Items

Antenna Switch .. P S0000 1 2 644 646 646

Uninterruptable ** P S0000 1 4 1612 1616 1616
Power Supply

Remote Maintenance P 50000 1 5 1934 1939 1939
Monitor Terminal

Remote Statua Panel M 50000 1 2 285 287 287

M - Manufactured Basic I System
P - Purchased

A-14
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1. INTRODUCTION

Ground equipment installation costs were determined on the basis of
probable personnel, equipment, material, trenching, and flight inspection
costs. These cost categories take into consideration the total installa-
tion rather than just the component parts such as site preparation, site
construction, and actual equipment installation.

It was assumed that the MLS azimuth site would be located on an
extended runway centerline 1,000 feet beyond the stop end of the runway
and that the monitor site would be 200 feet in front of the azimuth site
for the Basic configuration and 100 feet for the SCMLS configuration. A
shelter, if used, would be 200 feet to the side of the azimuth antenna.
The elevation site would be located 1,000 feet from the runway threshold,
and the monitor site would be similar to the azimuth site. A shelter, if
used, would be within 20 feet of the elevation antenna. We assumed that
the SCMLS would be installed on a 6,900-foot runway, the Basic MLS on a
9,600-foot runway, and the Expanded MLS on a 15,900-foot runway. These are
approximate average distances from the Systems Research and Development
Service (SRDS) MLS Technical Data Package submitted to Airways Facilities.

2. PERSONNEL COSTS

Personnel costs are illustrated in Table B-1 under three categories --

FAA personnel, MLS contractor personnel, and subcontractor personnel. FAA
personnel are those required by various FAA orders to plan and oversee land-
ing aids installations. MLS contractor personnel are technical people who
will plan the installation and provide on-site supervision and assistance
to subcontractor personnel during site preparation, construction, equip-
ment installation, and equipment tune-up and checkout. In addition, MLS
contractor personnel may assist in the site-certification process. Sub-
contractor personnel are those who will actually prepare and construct the
MLS site. Electricians listed under subcontractor personnel will be respon-
sible for all electrical work other than cable installation in trenches.
Electricians involved in trenching work are included in trenching costs.

The man-months listed in Table B-I are based on the assumption that
FAA and MLS contractor personnel will be experienced in installing landing
aids. Subcontractor personnel manning levels are based on the expected
productivity for a particular job. The total man-months are based on past
estimate3 for installing MLS equipment and on the conclusions reached in
NASA Technical Memorandum 78588 of August 1979, Site Preparation and Instal-
lation of the Prototype Texas Instruments Basic Narrow Configuration Micro-
wave Landing System. A man-month was assumed to consist of 21 working days.

Costs for FAA personnel are taken from Office of Personnel Management
Services civilian pay rates for economic analyses and program evaluations
under OMB Circular A-94. These costs include employee benefits, training,
and some TDY. MLS contractor personnel costs are based on 1980 .ndustry
averages. Subcontractor personnel costs are taken from editions of Means

8-3



Takble 2-1. PENSONNEL COSTS ASSOCIATED WITH NWZ INSTALLATION

UEpse~td Cost** and Time 1,,e ItlatallatioIn

Location Personnel SY04eLSar sani:: cost.

Mnoth (0iQt Kan- Eoh.:] Cst. 'tst. *h

FAA Pqrsonnel

Project 42,907 0.8 2,900 1.0 3,600 1.2 4,300
Engineer

eegion Electronic 36,234 0.9 2,400 1.0 3.000 1.2 3,600Rein Engineer

Draftsman 17,016 0.5 700 0.5 700 0.7 1,000

Resident 36,234 1.0 3,000 2.0 6,000 3.0 9.000
Engineer
Field 30,329 1.•0 2,500 1..5 3,800 2. 0 5.100-'

On site Technicijan

Per diem at N/A 2.0 2,100 3.5 3,700 5.0 5,300
$50 a day

Subtotal -- -- 13,bOO - 20,800 -- 28,300

MLS Contractor Personnel

Engineering 83,300 0.4 2,800 0.5 2,500 0.6 4,200
In Plant Drafting 58,2000 0.6 21,300 0.8 3,100 1.0 4,800

Laerld 54,700 2.o 1'00 .0 13,700 4.0 18,200

on Cite Per di~m at N/A 2.,41 2, lU 3.0 3,200 4.0 4,200$50 a d:ay•

Subcontractor P~ersonneli

SEle,:trL--ian 47,100O ().4 1 ,61)0 9.7 2.700 1.0 3,)00•i

!Truck :)river 33,200 (J. 4 1,100 0. 4 1,1O0 0. 4 -,600

!Loader 43.500 0. 5 l, Hoo 0. 6 2,200 0. 6 2.200

Operator
iCompactor 43,500 0.5 1, H{Jo 0).6 2,200 0.6 2,200

! ' Operator

Concrete 48,900 0.9 3,700 1.0 4,100 1.0 4,100
On Site Foreman

Carpenter 41.300 0. 9 3,1(0') 1.0 3,400 1.0 3,400

Concrete 39,700 1 .. 701 O.: 700 0.2 700
Finisher

Laborer 33,052 0.7 11,Y)0 2,200 0.9 2,500

Surveyor 42,500 0.4 1,400 0.5 1,800 0.6 2,100

Crane Operator 44,800 0.1 400 O.1 400 0.1 400

Subtotal -- 17,500 20,800 -- 24,300

Tota& Cost .... 48,000 -- 65,900 -- 84,000

*Constant 1980 dollars.

B-4
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Building Construction Cost Data for 1979, 1980, and 1981. All costs aire
calculated in 1980 dollars.

3. EQUIPMENT COSTS

Equipment costs were developed by analyzing the types of equipment
required for site construction, such as backhoes, trucks, compactors, and
cranes. Daily or monthly rental costs from Means Cost Data were used where
appropriate. The equipment costs do not include excavating equipment used
for trenching. It was assumed that the Basic and Expanded MLS sites would
have the same equipment costs because, except for trenching costs, the sites
are essentially similar. We also included $1,800 in equipment costs for
preflight inspection flights by contractor-provided aircraft.

4. MATERIAL COSTS

Material costs were developed on the basis of the materials expected
to be used in the construction of the site. It was assumed that a SCMLS
would use approximately 17 cubic yards of concrete, based on Hazeltine
drawings. A Basic or Expanded site would use approximately 25 cubic yards
of concrete, based on Bendix drawings of the Basic wide installation at NASA
Wallops Island, Virginia. We used an approximate figure of $295 per cubic
yard of concrete from Means Cost Data for 3,000 psi concrete. This cost
includes forms and c inforcing rods. Other costs include gravel fill,
counterpoise wire, ,nchor bolts, and so forth. An additional $3,000 was
added to Basic and Expanded sites to account for use of the pressurized
waveguide. The nominal price for the pressurized waveguide accessory kit
is $1,500 per azimuth or elevation site.

I

5. TRENCHING COSTS

Trenching costs were developed by analyzing the general trenching
requirements for Bendix, Hazeltine, and Texas Instruments MLSs. We decided
on a standardized general trench four feet deep and eighteen inches wide.
Approximately five inches of sand fill would be on the bottom, and the
signal cable would then be laid. Additional fill material and power cables
would be installed if required, witn approximately 12 inches of separation
between the signal cables and power cables. After another 12 inches of
backfill, three protective ground wires of bare copper would be installed.

Trenching installation costs include excavation, backfill, material 1
and equipment costs for backfill, and labor costs for installing required
cables. Table B-2 details the typical trenching installation costs and
cable costs that go into each trench. Cable costs were determined by I
analyzing the cable types required for the Basic wide NLS installation at!i ~NASA Wallops Island. The variance in cable costs is the result of different!

types and numbers of cables being installed in a particular trench. It was

assumed that all MLS synchronization cables and site to remote control/status
indications would be six-twisted-pair cable protected by three bare ground
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wires. Because the SCMLS is a nonshelter MLS, there ar nuo trenchit4i ,'(Sts
for system electronics to system antenna connections.

The trenching costs by jstem type in Table B-2 are based on the
total installation and cable costs, which are national averages taken
from Means Construction Cost Data. A standard trench and fill were devel-
oped for this analysis, because trenching costs are known to vary widely
throughout the United States.

6. ROADWAYS AND POWER

Roadway costs were developed by assuming that approximately 1,500
feet of gravel road would be built to the site. We used the factor $6.65 J
per foot for the cost of a gravel road, taken from Defense Communicat4
Agency Circular 600-60-1.

We assumed that the cost of providing power to the MLS site would be
an average of $14,000 per site, on the basis of data in NASA TM 78588.

7. FLIGHT INSPECTION

Table B-3 illustrates flight inspection time and costs. The costs are
based on the use of FAA aircraft and flight crews for flight inspection.
Costs are for on-site flight hours only and do not include the cost of
flying from a base airport to the MLS site to be certified. These transient
costs would depend on whether or not the inspection aircraft is making a
trip for the MLS checkout only and where the base is in relation to the
MLS site.

The flight hours of Table B-3 have been updated from NASA TM 78588 and
ICAO AWOP presentations through conversations with SRDS personnel. The
base cost per flight hour used in the table is from the Airways Facilities
flight inspection program study and is the projected 1980 composite flight
inspection rate.
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APPENDIX C

LIFE-CYCLE-COST MODEL OUTPUTS FOR
GROUND EQUIPMENT.T
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ITITL~ TYPE SCMLS(IWO)AHHUM. MAINYCHAUCE HOURS ANDC LAN.A COSTe

199s 1906 tS T?

L.6OC CLIEOORY "OMe MA"POWER COST HOURS MANPOUI It COST HOUR% NAowI Cit cut*

CON19CIMV KlANT 0. 0.00 0. 0. 0.00 0. 14044. ?7.9: PT.
P~9T~ 4It0 .0 0. 0. 0.00 0. 5. &.0 MO

CALL*OACK KIN? O. 0.00 0. 0. 0.00 O. 0. Q. N. 0.

TOTAL 1u19 AAIN? 0. 0.00 0. 0. 0.00 0. 20492. 84.417 30*:**.
SOA LEVEL RIPAIR 0. 0.00 0. 0. 0.00 0 2403. .136 41946.
DEPOT LEVEL 14PAIR 0. 0.00 0. 0. 0.00 0. 1.". 0, :604
TOTAL SYSTEM MAIN? . 0. O. 0. 03011. 301.4S.

t900 1909 i9t"

LASR CATEGORY HOURS MANPOWER COST HOUR rAVOiLEe cOST HOURS MANPOWER COSY
CORREVTIVE PlAINT 21350. 90.16 319033. 26372. 102.50 362069. 27063. 114.02 406272.
fE•U•EN[TVE MAIN? 183. 7.64 5S6S . 2110. 6.70 39402. 2367. 9.75 43142.
CALL-IEAC fMAINT 0. 0.00 0. 0. 0.00 0. 0. O.Tso 0.
TOTAL SITE PAI•P 231733. 97.00 354439. 26903. 111.19 402071. 30230. 124.57 449420.
SASE LEVEL REPAIR 2790. 1.58 44605. 3177. 1.30 %5343. 3564. 2.02 62030.
SEOt LEVEL REPAIR 147. 0,00 3029. 107. 0.09 3449. J00. 0.11 3309.
TOTAL SYSTEM MAIN? 24670. 406324. 30327. 460063. 33981. 515369.

1991. 1992 1993

LAPOR. CATEGORY HOURS MANPOWIER COST HOUJP RA4tPOlVER COST HouRS MANPOWER COST
CO%[CTI*JE MAIN? 30051. 127.13 449848. 34051. 140.32 '960511. 39103. 1&1.41 571124.
PREVENTIVE MAINT 2624. 10.51 46S94. 2099. 11.9s W0907. 3340. 13.76 57329.
CALL-PACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAI•N 33475. 137.95 496742. 36195. 152.27 S47410. 42500. 17S.17 6.8453.
DASE LEVEL REPAIR 3950. 2.23 6"813. 4365. 2.47 76036. S028. 2.04 571.06.
09POI LEVEL REPAIR 202. 0.12 4289. 230. 0.13 4739. 215. 0.15 5459.
TOTAL SYSTEM MAINT 37634. 69349. 41545. 628193. 47•01. 721493.

1994 1995 199"

LAMI CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOLtS MANPOWER COST
CORROctCE MAIhIT 44495. 133.36 64879S. 49006. 204.42 723319. $5140. 227.23 504016.
PIEVENTIVE MAINT 3793. 15.65 &4010. 4239. 17.47 70440. 4716. 19.43 77396.
CALL-SACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 48294. 199.01 712013. 53345. 221.09 793759. 596S6. 246.66 831412.
VASE LEVEL RESAIR S718. 3.23 99"17. 6381. 3.6. 111167. 7100. 4.02 123679.
DEPOT LEVEL REPAIR 301. 0.17 6209. 331. 0.19 6920. 374. 0.21 7700.
TOTAL SEM "MAINT 54313. 918639. 60602. 911854. 67330. 1012799.

1997 199" 1999

LADOR CATEGORY HouR$ MANPOWER COST HOURS MANPOWER COST HOURS MANPOWER COST
CGARECTIE M•lAdT 600072.. 250.02 894&79. 64?14. 266.66 94360A. 60907. 234.20 100S620.
PREVENTIVE AA!,H 5193. 21.40 643S3. 5542. 22.64 89437. Z909. 24.35 94788.

CALL-SAr. MA•I|T 0. 0.00 0. 0. 3.00 0. 0. 0.00 0.
TOTAL SITE PAINT 6536. 271.42 901032. 7023.5. 209.51 1033043. 74867. 308.55 1100403.
SAMt LE*Ei. REPAIR 7319. 4.42 136191. 8343. 4.72 145335.. 369s. 5.03 154960.

[POT I %VL REPAIR 411. 0.23 3403. 439. 0.2OS 905$. 468. 0.26 9058. 5

TOTAL SYSTEM RAINY 740. 1113711. 79037. 1197436. 084239. 2265025.

20G-) 2001 2002

LION CATEGORY HOURS A.WOUER COST HOURS ANPOWER COST HOURS FANPOUER COST
CORRECTIVE MAINt 73006. 300.38 1064520. 77602. 320.22 1132705. 81933. 337.03 1194679.
PR'EVENTIVE MAlNl, 62Z7. 25.79 99072. 6661. 27.45 105758. 7028. 28.96 111110.
CALL-tACR •AINT 0. 0.06 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 79263. 326.04 1164392. 84343. 347.57 1234464. 80961. 366.60 1305799.

USE LEVEL REFAIR 9420. 5.33 104103. 30O0". 5.67 174691. 10S81. Z.99 104,S..15
DEPOT LEVEL REPA&R 496. 0.28 10228. $20. 0.30 10807. Z57. 0.31 11487.
TOTAL SYSTEM KAINT 89190. 1330723. 94699. 1424042. 100090. 15012.

2003 2004 2005
LAVIOR CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOWER COST

CORRECTIVE nAINT 86395. 35&6.02 1259740. 90OZ6. 374.41 1324791. 95104. 391.91 1336734.

PREVENTIVE MAIlT 7413. 30.55 110729. 7799. 32.14 122346. 6166. 33.6S 127699.
CAS.L-SACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAIN? 93800 386.57 1376469. 99645. 406.54 1447136. 103270. 425.56 1514433.
ORA-; LEVEL REPAIR 11161. 6.31 194422. 11741. 6.64 204S29. 12293. 6.95 214152.
0POT LEVEL REPAIR $67. 0.33 12117. 618. 0.35 12747. 647. 0.37 13347.
TOTAL SYSTEM rAIN? 105556. 1543008. 111013. 1664413. 116210. 1741932.

206 2007 2000

LAbOR CATEGORY HOURS MANPOWER COST HOUR MANPOWER COST HOURS MANPOWER CST

CO•R;CTIVE RAINT 99927. 407.66 1442475. 98927. 407.66 1442475. 90927. 407.60 1442475.
PREVENTIV$ MAINT 6496. 35.0T 132515. 0496. 35.01 132515. 6496. 35.01 132515.
CALL-SACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAllT 107423. 442.60 1574990. 107423. 442.68 1574990. 107423. 442.46 1574990.
SASE LEVEL REPAIR 12791. 7.23 22315s. 12791. 7.23 222015. 12791. 7.23 222815.
?4POT LEVEL REPAIR 673. 0.38 13387. 673. 0.38 • 13367. 673. 0.36 13887.
TOTAL SYSTEM AAINT 120403. 1811092. 120007. 1811692. 120087. 1011692.

209 TOTALS

LAbWO CATEGOkY HOUR MANPOWER COST HOURS MAmOWER COST
CO•RACTIit MAINT 90927. 407.66 1442475. 1441846. " 5941.67 21023914."CtUC*qHl VIt MAINT $496. 32S*01 132*1S. 122496. Z02.191 19*9•2S% *

CALL-SACK PAINT 0. 0.00 0. 0. 0.00 0.
TOTAL STE MAINT 107423. 442.60 1574990. 1365342. 0450.58 23023172.
SAll LE.VEL REPAIR 12791. 7.23 222615. 16920. 5.16 32367Z3.

3PO6 LEVEL REPAIN 673. 0.38 13067. 9785. 5.53 201854.
TOTAL SYSTEM MAINT 12047. 181169V2. 1761046. 26464332.
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SYSTMH TYPE: SCILS (190)

CUUJLA7I1E MAINTENANCE HOURS RHO t14O5 COSTS

190s 1936 1987

LA&OR CAIEOOkY HNow$ MANIPOUR CUET HOUrS MANPOWER COST HOURS MANPOUER COST
CORAACI VE NAINT 0. 0.00 0. 0. 0.00 0. 16804. 77.02 275357.
Pk:V91VC 0A00 0. .0 0. 0. 0.00 0. 1596. 6.45 31910.
CALL-PACK hA3HT O. 0.00 O. 0. 0.00 0. 0. 0.00 0.

TOTAL SIIT[ MAINT 0. 0.00 0. 0. 0.00 0. 20431. 04.40 307.67.
SASS LEVEL REPAIR 0. 0.00 0. 0. 0.00 . 2403. 1.36 41064.
MPOT LEVEL REPAIR 0. 0.00 0. 0. 0.00 0. 126. 0.07 2609.
TOTAL SYSTem nAINT 0. 0. 0. 0. 23011. 3S1745.

149S 1909 1990

LASOR CATEGORY HOURS MANPOWER Coal HOURS MANFOUER COST HOURS MANPOUER COST
C€kACITIVC hA.IT 40764. 10.1.9 594390. 45436. 270.48 957059. 93499. 305.30 1363331.
PkEVENIIVE KA14T 3450. 14.22 67566. 5S60. 22.9t 104969. 7927. 32.67 150127.
CALL-SACK MAIHY 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL STE KANT 44214. 102.20 641956. 71196. 293.39 1064027. 101424. 417.96 1513447.
8ASt LEVEL REPAIR 5194. 2.94 90473. 0371. 4.73 245926. 11934. 6.73 207896.
PEPOT LEVEL REPAIR 273. 0.15 5639. 441. 0.25 9030. 420. 0.34 12957.
TOTAL SYSTEM MAINT 49631. 7•8060. $0007. 1218931. 113918. 1734300.

1991 1992 1993

LASON CATEGORY HOURS MANPOWER COST HOURS PANPOWER COST HOURS MANPOWER COST
CCL&ECTI•E MANYtT 124350. Z12.43 1613179. 158401. 652.75 2309689. 197570. 8:4.16 2880814.
PREV(NTIVE MAIHT 10551. 43.49 197010. 13451. 55.43 247919. 16790. 49.19 305247.
CALL-bACK MhAuT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAI.T 134901. 55_.91 20101$9. 171052. 709.18 2557607. 214360. $83.35 3186061.
4SAS LEVEL REF418 Islas. 0.90 276714. 20249. 11.45 3Z2750. 25277. 14.30 440336.
DIPOT LEVEL REPAIR 03&. 0.47 17246. 1066. 0.60 21905. 1330. 0.75 27444.

TOTAL SYSTEH MAINT 151622. 2304149. 193167. 2932342. 240960. 3653840.

1994 1995 1996

LASOR CATEGORY HOURS MANPOUER COST HOIUS MANPOWUCR COST HOURS MANPOUCA COST
CORRECTIVE MAllNt 242065. 997.52 3529609. 292471. 1201.94 4252928. 346811. 142T.17 5056944.
PREVENTIVE MAINT 20519. 84.84 369265. 24028. 102.31 439705. 29544. 121.75 517101.
CALL-SACK MIAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAl. SITE RlAINT 262654. 1092.36 3898174. 316499. 1304.25 4692633. 3763S5. 1SS0.91 5374045.
bASE LEVEL REPAIR 30996. 17.53 539953. 37377. 21.14 451120. 44477. .16 774799.
DEPOT LEVEL REPAIR 1631. 0.92 33652. 1967. 1.11 40581. 2341. 1.32 40209.
TOTAL. SYSTEM MlAINT 29"281. 4472479. 355943. 5304333. 423173. 6397133.

1997 1999 1999

LA4OR CAICOOry HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANEPOWER COST
tOk4lktCVE MAINT 407404. 1679.19 5941622. 472197. 1945.67 60852298. 541264. 2230.07 7890048.
P.EVENItVE "Pl"I 34737. 243.15 601454 40270. 165.90 490091. 46107. 190.33 710600.
CALL-NACK l1qT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE IIAINT 442220. 1022.34 6543077. 512476. 2111.05 774120. 5673S1. 2420.40 0676Z20.
PANS LEVEL REPAIR 52295. 29.56 910990. 60630. 34.30 105632s. 69=33. 39.33 1211295.
K.POT LEVEL REPAIR 2752. 1.56 56777. 3191. 1.01 6593S. 3660. 2.07 75493.
TOTAL SYSTEM MlAINT 497260. 7310044. 574305. 1698279. 660544. 9963304.

2000 2001 2002

LASOR CATCOORY HOURS . MANPOWER COST HOURS MANPOWER COST HOUKS MANPOWER COST
CORRECTIVE MlAINT 614170. 2530.92 0955367. 691052. 2951.04 10083072. 77378S. 3109.67 1120n51.
PREVENTIVE MAINT Z2444. :16.12 065=32. 59105. 243.57 991310. 66133. 272.53 1102420.
CALL-PACK PAINT 0. 0.00 0. 0. 0.00 0. ). 0.00 - 0.
TOTAL SITE "I41T 666414. 2747.04 9040920. 750950. 3094.61 11079364. 839910. 3461.20 12335173.
PASS L4AEL E[PAIR 704. 44.66 1375388. 00902. 50.33 1S50079. 99562. 56.31 1734394.
DEPOT LEVEL REPAIR 4153. 2.33 65720. 4403. 2.65 96600. 5240. 2.96 106095.
TOTFAL SYSTEM MlAINT 749724. 11302027. 044623. 12726069. 944721. 14227661.

2003 2004 2005

LAbM CATEOORY HOURS MANPOWER COST HOURS MANPOUER COST HOURS MANPOWER CIST
CORRECTIVE PAINT $40-90. 3544.70 12`542491. 9SI035. 3919.10 13847282. 1046139. 4311.01 152S4016.
PiEVENTIVS lAINT 73547. 303.08 1219140. 01346. 335.22 1341496. 89511. 369.87 1469195.
CALL-ACK MlAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE nAINT 933724. 3847.77 13761642. 1032301. 4254.32 15208780. 1135651. 4679.88 16723213.
S4AS LEVEL REPAIR 110723. 62.63 1920016. 122464. 69.27 2133343. 134757. 76.22 2347494.
DEP(IT LEEL REPAIR 502S. 3.30 120212. 6445. 3.45 132959. 7092. 4.01 146306.
TOTW SYSTEM MAINT 1050277. 15910669. 1161290. 17475082. 12-7500. 19217014.

2006 2007 2003

LAPSk CATEGORY HOURS MANPOWER COST HOURS 1 hANPOUER COST HOURS MIANPOWER COST
CO€kICTIICE sAINT 1140646. 4718.64 14696491. 1243993. 5126.34 :8139966. 1342919. Z534.01 19501440.
PkfV•ETIVE rMAINT 90007. 403.00 1401710. 106503. 438.09 1734225. 114999. 473.90 1066740.
CALL-•ACX MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL 0211 MAINZ 1243073. 51224.5 18290202. 1350496. S545.23 19073192. 1457919. 6007.91 21446182.
bASE LEVEL PRPAIR 147549. 03.43 2-70311. 160330. 90.69 279312S. 173129. 97.92 3015940.
DEPOT LEVEL EP.IRk 77646 4.39 1t0193. 0439. 4.77 174000. 9112. 5.15 107967.
TOTAL SYSTEM PAINT 139"307. 22020706. 1519273. 22040390. 1640160. 24452090.

LASOR CATEGOAY HOURS AMP OVER COST
CORRECTIVE MINI 1442046. 5941.47 21023914."PREVENTIVE AHIN? 123496. 500.71 1999255.
CALL-SACK MAINT 0. 0.00 0.
TOTAL SITE MAINT I5$342. 6450.50 23023172.
0"t LEVEL REPAIR 13592o. 105.16 323873S.

P1 LEVEL REPAIR 9785. S.53 201234.
'OrAL SYSTEM MAIN? 1761046. 26443702.
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-T71

YSTEitI SCML. (8IO)
USERS NATIONAL. AIR SPACEI.SSICOCJNT TACT10Rf 0.00

NOhuCURzNosoo ztlSic SUPPORT COmTS

COST LATCOORY 19| 19 It IM i9f" 1969
oPMSS 0. 6. 4076020. 1094531* 41396."SNlIm 0. 9. 163. 12503. 62603.
I NWNS/ORy NT 0. 0. 36000. 0. 0.
SUPPORT ICUIP 0, 0. 190000. 0. 0.
TRAIN"* .. *. 227650. solso. 20300..A AAMOGNNT 9. 0. 1S72000. 0. 0.fACLITICS 0. 0. 0. 0. 0.
ANUAL TOTAL. 0. 0. 20929234. 141104. 74499,

COST CATIORY 1990 1991 1992 1993 1994$PAS$S 113713. 129000. 105782. 144604. 142567.
SHIPPING 12003. 12303. 13711. 2194q. 22663.
Ij•NcN*OT maT 0. 0. 0. 0. 0.SUPPORT EGUI 0. . 0. 0P. 0.TRAINIo 21050. 1050. 21750. 33350. 37000.DAIA NANINT 0. 0. 0. 0. 0.rACILITITS 0. 00 0.ANNUAL TOTAL 145636. 160733. 141250. 200102. 202430.

COST CATORIY 1995 1996 1997 1996 1999
SPAMS 139091. 220254. 161629. 134615. 137434.
SHIPPING 21948. 23777. 23777. 17376. 10290.WNWflTORY MOT 0. 0. 0. 0. 0.
SWPPORT EQUIP 0. 0. 0. 0. 0.TRAININO 31900. 34504. 362"0. 26100. 29750.DATA MAKAIENT 0. 0" 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL 192939. 2M2461. 221636. 170091. 165474.

COST CATI[ODRY 2000 2001 2002 2003 2004
$PAKn 142613. 129929. 134637. 189372. 270923.
SHIPtPIN0 17376. 20119. 16290. 19205. 19205.
IMENIORY myOT 0. 0. 0. 0. 0.SUPPORT EQUIP 0. 0. 0. 0. 0.TRAINI8G 26100. 304SO. 275S0. 31200. 29000.
DATAN "A"AOClIT 0. 0. 0. 0. 0.FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL 166009. 160495. 1604"7. 239777. 319133.

COST CATEGORY 200a 2006 2007 2004 2009 TOTALSPARES 186944. 265045. 0. 0. 0. 7674170.SHIPPING 18290. 16461. 0. 0. 0. 423420.
INVENTORY NOT 0. 0. 0. 0. 0. 36000.SUPPORT EQUIP 0. 0. 0. 0. 0. 190000.T•AININO 27530. 26M0. 0. 0. 0. 45990.
.ATA nA"NAGeENT 0. 0. 0. 0. 0. 15720000.TACILITICS 0. 0. 0. 0. 0. 0.ANNUAL TOTAL 232704. 309156. 0. 0. 0. 24703562.
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STSICH: SCM.S (1602
UW[ki NAT3NA). AIN SPACE
DISCOUNT FACTORIOO KCUUR|HZ LOGISTIC SUPPORT COS"1

S966 197 
19? 

1969

COST CAT* 01969, 21580. 539914.
AI NT 346474, 400205. 453969.

0.-qSTc PAINT 0. 163M2-8 213409. 242991.
lW-[StIEY PAOT 0. 0. 4500. 4500. 4500.

FSUi"ORT MAIPN 0. 47 147 71. 19.

SPT& EUIP 0. s312000. 312000. 312000.

FACILITIES 07 . 302 000. 73805. 47000.

0IT 5T10 40 3721. &235 7100
sUiUOP RATON 219. O4. * 024. 06. 1719117.

ANNUAL TOTAL 2062. 220. 2225 2335. 7339

COST CATEGORY 1990 1991 1992 1993 1994

SPA7S 943116. 161007. 180613. 904503. 3136.

ON*SOTt MAIN? 697660, 961125. 618621: 710472. 10609.
amF-SITE MAINT 46094. 43031, 597966. 376603.

I TIEANT27Y 2507 43001 4500 4500. 4500. 4500.

SUPPORT EQUIP 219. 242. 3.l2 546IS I * 20670 . 22 345 . 26 80 0. 29800 :

TRAININO 33070: 312000. 12000.
DATA MANASEOKE[NT 312000. 312000. 312000 3
FACILITIES 17000. 73000. 76000. 76000. 70000.
S ills OP9RATION 04638. i .300.56 7 196449. 19:29.

ANNUA OPRTAION 
2927S335. 393. 3763974. 329734.4

AOSUAL TOTAL 20164200 2200519 2242, 23 249
13 C67003. 1#9753 1215130. 1334502. 1363693.

ON-SIlP MANE S 131602. 102050. 147A369. 1169140. 1245516 .
N-5C PSITC INT 420950. 976300. 59726s. 630114. 690374.

INnVNTORY fOt 4500. 4500. 4500. 4500. 4500.
+ UPAT[UP391. 435. 479. 512, $46, .

SUPPORT EQUI P 33070. 3615. 40940. 4616O. 46125.

IRAININO 
322001700553 ~ 575. 310505.

AMIA AAIBEINT 312000. 312000. 312000. 12000. 312000.
P•CILITIEI 76000, 76000. 73000. 77000. 70000.F AIT LIP[TIES1 3 3 . 5 6 3 1747 '47. 1 96479 .19 $ 9

61109 OPERATION s21061. 221458634992442.:249

ANNUAL TOTAL. 2924776, 33159961. 3S4793, 37663970 3929574.

OT2005 2001 2002 2003 2004

COST CATEGORY 201233

SPARC3 14970036. 999763. 1621603. 1,55539. 199636. 940

ON-.I1E PAINT 1312064. 1740202. 1476364. 1756364. 1703842.
Off-SIt e AINT 720.20. 7670030194 97301. 097230.

INVENTORY ACOT 4500. 4500. 4000. 4500. 4500, 10

LUPPOAT IGUIP 2754 784. 7649. 704. 720.
STRANIO 6310.P 6995. 595. 659. 6O595. 962:05.

DATA PlANAME•MNT 312000. 312400. 312000. 31:000. 31200 701700

FACILITIES 78000. 7?000* 7.0000 70000. 70000.
SITE OPERATION 274779. 225893. 2364953 2494629 26824293

ANNUAL TOTAL 45799612- 4437630. 5469 469092. 546902.

-•COST CATEGORtY 2005 2006 2007 2008 2009 TOTA4L

SSPARCS 16416-.9. 1959976. 1959?* 9S9976 * 19S9976. 290540140

ON*SlTS I•AIVT 1734V73. 1703642. 27836402* 093642. 1703642. 126026062

0ff-lll[ PIN|T 940266. 9763301 . 97031. 17001* .31 1202350.

i4[TO •T4SO0. 4500. 4500. 4500. 4500: 1103:00

6UPPORT 9Ou|P 754. 704. 6519, 704. 91,11403.

iTRAINING 63310. 6S99. 695S995. 312000. 797005.

DA•TA MN41A0[I•NT 312000. 31-.000. 312000. 312-000. 712000. 71796000*

SF•CILITI[879000. 7.1000* 7000:, 70000. 10. 190O

FAILSOI[TIES24?9 'l"A9 205M893 29'89M, 2SU13. 41S55"1.

$179OPEA T IO N -.747792 . 546909 . 5419092. 3469092. 5469092. 640 "900. .

A+m AL TO A 23 2 2 3 6 4 2
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SYST3II 5C11 (1-58 1

UKRI NAIGONAL AIR SPACE
11COtUNIT ACTORlO.00

SYSTIM COoTt 6 144S61.00
TOTAL LIFE CVCLC COSTS 2Y YEAR

COST CAICOORY 29|5 2906 1907 1988 1909
ACOUISIT;ON 16s63601. 2665407. 2665407. 2665407. 266S407.
INSTALLATION 0. 0. 16817300. 2706200. 2706200.
NONIOCUARINO 0. 0. 20929234. 141104. 74499.
RECUIR•ING 0. 0. 1500024. 1606881. 17191,7.
TOTAL LOGISTIC 0. 0. 224.92•6, 174790S. 1793607.
TOTAL PROGRAM , 16Z63601. 2665407. 41911/60. 7119592. 716L294.

COST CATEGORY 1• v 2991 1992 1993 1994
ACOU1SIT1ON 2.5791. 4569270. 4759656. 4%69270. 4950042.
INSTALLATION In, .. 2706200. 2399500. 4639200. 4832100.
NONRICUKAINO 14;636. 160733. 141750. 200102. 202430.
RICURk1No 2016420. 232805C. 2240257. 2533034. 2734349.
TOTAL LOGISTIC 2162056. 2268791. 2389:,07. 273,156. 2936779.
TOTAL PROORAMl 7724049. 9U44261. 10049662. 11941626. 12719320.

COST CATEGORY 1995 1996 1997 1990 1999
ACOUISITION 49f0042. 3617330. 3C07725. 3617338. 41C0497.
INSTALLAT2ON 4639200. 5025800. 5025800. 3672700. 3866000.
NONRCCURRING 192939. 282481. 221656. 279091. 105474.
RECURRIkNG 2921776. 3312996. 3519V31. 3766397. 3929574.
TOTAL LOGISTIC 3115726. 3598477. 3742587. 3944489. 4215048.
TOTAL FIADORAM 12704957. 12241616. 12575112. 11234Z26. 12169V545.

COST CATEGORY 2000 2001 2002 2003 2004
ACOU1STI!ON 3907725. 39982111. 3990111. 3807725. 3'26952.
INSTALLATION 367.700. 42S2600. 3866000. 40S9300. 4059300.
NONRECURRINO 186089. 180498. 180477. 239777. 319133.
RECURRING 4079961. 4437631. 4%95435. 4770010. S081261.
TOTAL LOGISTIC 4266050. 4618130. 477Z913. 5009787. S400394.
TOTAL PROORAM 11746474. 12868840. 12640023. 1287681". 12896646.

COST CATEGORY 2005 2006 2007 2000 2009 TOTAL
ACQUISITION 0. 0. 0. 0. 0. 89149332.
* /NTALLATION 3866000. 3479400. 0. 0. 0. 8949791:.
NON(ECUkFLHO 23278B. 309256. 0. 0. 0. 24703548.
vtC#UPkING 5238-.12. 5469092. 5467092. 5469092. 5469092. 84019800.
TOTAL LOGISTIC 5471001. S778249. 5469092. 546909Z 5469092. 108723-36.
TOTAL PROGRAM 9337001. 9257649. 5469092. 5469092. 5469092. 266370080.

CUMULATIVE LIFE CYCLE COSIS BY YLA6

COST CATEGORY 1945 1986 1987 1980 2989
ACQUISITION 16563601. 19229000. 22894416. 24=59104. 27:'2'32. ,
INSTALLATION 0. 0. 14817100. 39523300. 222v500.
MONRECUARINO 0. 0. 20929234. 22010330. 21244138.
RECUR•CING 0. 0. 1500024. 1106905. 4026092.
TOTAL LOGISTIC 0. 0. 224292511. 24177242. 25970970.
TOTAL PROGRAM 16563601. 1922900. 61140776. 68260365. 75472664.

COST CATEGORY 1990 1"91 1992 2993 1994
ACQUISITION 270001•6. 34650296. 394099-2. 43919:20. 40929260.
INSTALLATION 24935700. 27641900. 30541400. 35180400. 40013100."NONRECURRIIIO 21290474. 2245208. 21592450. 21092=60. 22994990.
RECURCRING 684.512. 8970569. 12210926. 13751080. 16486229.
TOTAL LOGISTIC 28132934. 30421776. 3201129. 35544436. 30412216.
TOTAL PROORAM 83149712. 92713976. 102762640. 114704264. 127423Z84.

COST CATEGORY 2995 1996 1997 1798 1999
ACQUISITION Z3877300. 57496640. 61304364. 64V21704. 69110200.
iNSTALLATION 446S2300. 49678100. 34703900. 50376600. 62242600.
NONRECURRING 22187930. 22470412. 226V2066. 22070158. 23055632.
RECURFING 19409006. 2'725002. 26244932. 30011430. 3394n904.
TOTAL LOGISTIC 42596932. 4"29Z408. 40936996. Z2091404. 56996532.
TOTAL FOAOGRAM 140120544. $52370176. 164945296. 176179824. 293349360.

COST CATEGORY 2000 2001 2002 2003 2004
ACQUISITION 72917928. 76916040. 80914152. 34721880. 08148032.
INSTALLAT:ON 65925300. 70167904. 74033904. 78093208. 82'2*5212.
NOIGCCUP•ING 23241720. 23422218. 23602696. 23842472. 24161604.
R(CuRINO 28020864. 424S8496. 47053932. '1823944. 5690Z204.
TOTAL LOGISTIC *61262580. 6&S80708. 70466624. 75666408. 81066800.
TOTAL POGRAN .200095840. 212964688. 225604720. 238481536. 251360292.

COST CATEGORY 2005 2006 2007 2008 2009
ACOUIsITION 81140832. 0146932. $6146832. 0314803'. 88148032.
INSTALLATION 8601C512. 89497,221. 89497922. 89497912. 0949F7912."NOfiEkCUL|ANG 243V4392. 24703548. 24703540. 24703540. 24703548.
RECURRING 622434C6. 6761.212. 73091600. 78550704. 84019800.
ITWAL LOGISTIC 16537200. 92316043. 97765144. "!032Z4240. 100723236.
TOTAL PROCAAM 260705200. 269962848. 2715631936. 280901024. 286370112.
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SySTEM TYPE] SCMAL S AZ (to0)

.,L IAINIENANCL 110118 AND LAI'OR LuIS

LAW8k CEATOOkY HOUpS MANPOWER COST HOURS MANPOWER COST HOURS IIAHPOUFR COST

CORAECIVtE MAINT 0. 0.00 0. 0. 0.00 0. 653. 3.54 12509.

PRSWE•IVC MAINo 0. v.00 0. 0. 0.00 0. 14s. 0.68 11040.

* EALLSAEK MAT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL $1I? lAINT 0. 0.00 0. 0. 0.00 0. 1023. 4.22 23t49.

SASE LEVEL AREPIR 0. o.oo 0. 0. 0.00 0. 101. 0.04 1754.

OtPoT LEVEL IEPA3k 0. 0.00 0. 0. 0.00 0. . 0.00 109,.

TOTAL SYSTEM MAINT 0. 0. 0. 0. 1129. 245

19I3 1989 1990

LAIOR CATEOORY HOURS MANPOWER COST VURS RAMfPOUER COST HOURS MANPOUER COST

COkkELTIIE MAllT 1036. 4.27 15109. 1125. 4.64 16403. 1302. 5.36 16903.

PKEVEHtIVC MAINT 202. 0.03 31575. 220. 0.91 11343. 257. 1.06 12370.

C0LL-I-AC MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE KAIHT 1233. 5.10 26684. 1345. 5.54 20246. 1559. 6.42 33361.

SASE LEVE-. FREAll. '23. 0.07 2147. 134. 0.08 2342. jS7. 0.09 2732.
t,CPOT t EUEL REPAIR 6. 0.00 134. 7. 0.00 146. a. 0.00 170.

10TAL SYSTEM MAINT 1369. 229&4. 1487. 30734. 1724. 34264.

1991 1992 19;3

LAPOR CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOWER COST

CORFECTIVE MAINT 1473. 6.09 21554. 16S4. 6.82 24116. 1029. 7.54 26671.

PREVWNTIVE MlAI"T 294. 1.21 12913. 330. 1.36 13440. 367. 1.51 13903.

CALL-bACK MA1lET 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE PlAINT 1772. 7.30 34467. 1984. 8.18 37564. 2196. 9.05 40654.

SASE LEVEL REPAIR 179. 0.10 3122. 202. 0.11 3513. 224. 0.13 3903,

DEPOT LEVEL REPAIR 9. 0.01 39s. I1. 0.01 219. 12. 0.03 243.

TOTAL SYSTEM iIAINT 1960. 37783, 2196. 41295. 2432. 44600.

1994 1993 1996

LAbOR CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOUrS MA.POUCWE COST

CORRECTIVE MAINT 2004. 9.26 29221. 2179. 8.90 31765. 2353. 9.70 34306.

"PREVENTIVE MAINT 404. 1.64 14518. 440. 1.81 15054. 477. 1.97 15509.

CALLi4ACK KAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL ilTE PAINT 2408. 9.92 . 43739. 2619. 10.79 46019. 2830. 11.66 49894.

RAfl LEVEL REPIR 246. 0.14 4293. 249. 0.15 4693. 291. 0.16 5074.

DEPOT LLVEL REPAIR 13. 0.01 268. 14. 0.01 292. 15. 0.01 316.

TDTA L SYTVEM AIRT 2(47. 48300. 2902. 51794. 3134. 55284.

1997 1996 1999

LAOR CATEGOky HOURS AANPOWER COST HOUr'S KANPOUFR COST HOUrS' HANFOJLR COST

CORRECTIVE 1rIN 257. 10.41 36842. 2700. 11.13 3937%. 2074. 11.84 43905.

PREVEiTIVE PAINT 534. 2.12 16124. Sl. 2.27 16659. 587. 2.42 373V4.

CALL-I'CK MIII? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE PAINT 3040. 12.53 52946. 3251. 33.40 56034. 3461. 14.26 59099.

SASE LEVEL REFAIR 314. 0.19 5464. 336. 0.19 0654. 350. 0.20 6244.

DEPOT LEVEL REPAIR 17. 0.01 341. 1t. 0.01 365. 19. 0.01 3U9.

TOTAL SYSTEM MlAINT 3371. *57,0. 3605. 42353. 3030. 45933-

2000 
2001 

2002

MANOWR OS Huks MAPOCR COH Ours MANPOWER3 COST

LAbOR CATEGORY HOURS 
1ANPOWER COST HOURS 9AHPO.CR COST

CORECTIVE PlAINT 3047. 12.54 44432. .3220. 13.27 46956. 3393. 13.98 4947P.

CPREVNTIVE PAINT 424. 2.57 17729. 661. 2.72 30264. 697. 2.87 18800.

CALL-VACI MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL ITE MAET 3673. 1.13 62161. 3Ort. 15.99 65220. 4091. 16.36 68278.

gASE LEVEL REPAIR 391. 0.22 64635. 403. 0.23 7025. 426. 0.24 7415.

AEPOT LEVEL REPAIR 20. 0.01 414. 21. 0.01 438. 22. 0.01 462.

TOTAL SYSTEM MAINT 4072. 69209. 4305. 72693. 4539. 76155

2003 
2004 

2005

LAbOR CATGORY HOURS MANPOWER COST HOURS MANPOWER COST 54 u.S MANHPOWER COST

GORRECAIVE MINT 3566. 14.70 51996. 3739. 15.41 54516. 3911. 16.12 57031.

,P'EVNIVE RAIMNT 734. 3.02 1933S . 771. 3.19 19870. P07. 3.33 20405.

CALL--SCK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE RAIN? 4300, 17.72 73332. 4509. 10.50 7430S. 4719. 19.45 77436.

TASE LEVL SI E(IE 445. 0.25 7004. 470. 0.27 0106. 493. 0.20 8586.

DEPOT LEVEL REPAIR 24. 0.01 49. 25. 0.01 531. 24. 0.03 535.

TOTAL SYSTEM PlAINT 4772. 79425. 5005. 83092. 5238. 34559.

2004 
2007 

2000

LABOR CATORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOUER COST

COft CCTVE AINT 4034. 16.03 59546. 4054. 16.83 59546. 4064. 16.83 59546.

PROVENTIVE PAINT 644. 3.40 20940. 944. 3.48 20940.

CALL'bACR M'INT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SiTE MAINT 4929. 20.31 30436. 4928. 20.31 80496. 492P. 20.31 60406.

SASS LEVEL REFAIR 516. 0.29 3974. 515. 0.29 9976. 515. 0.29 0976.

EPOT LEVEL REPAIR 27. 0.02 559. 27. 0.02 SS9. 27. 0.02 S59.

TOTAL SYSTEM MAIN? 5470. 90022. 5470. 90022. S470. 90022.

2009 
TOTALS

LAPOR CATEGORY HOUmS MANPOWER COST HOURS MANPOWER COST

"OREtCTIVE rAINT 4084. 16.83 59546. 61120. 253.93 891331.

PPEVNTIVE "lAINT 944*. 3.49 20940. 12476. 51.42 380491.

CALL-kACK MAIN? 
0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 4970. 20.33 804S. 73603. 307.33 1271037.

a'r IVPL t;r*AS • o 0.2 97. 7417. 4.33 13?A95.

DEPOT LEVEL REPA1 27. 0,02 559. 403. 0.23 8270.

TotAL SYSTEM MAINT 5470. 90022. 83424. i12797.
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I lf
SYSTIM TYPDI SCMLS-RRAZ (180)

cUMULAT:VE MAINTENANCE HOURS AND LAMO% COSTS

1989 1996 1993

LA*O% CATECORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOWER COST kCO
1

ICCTSVE PAINT . 0.00 8 0. 7 . 0.00 08 . 98. 3.24 12%09.PPEVENTIVC MAINT 3. 0.00 0. 140. 6.0 . 168 . 0.60 11040.CALL-?6CK hIAN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SMTE MAINT 3. 0.00 0. 1. 0.00 0 . 1023. 4.22 2324V.PA61 LE%'EL REPAIR 0. 0.00 0. 0. 0.00 0. 101. 0.06 1921.D(EOT LEVEL REPAIR 3. 0.00 7 . 4. 0.00 O. 2. 0.00 1lt.TOTAL SYSTEM RAINT 78. 1 .1 0. 1129. 25413 .

1904 1999 1990

LAI.OR CATEGORY HOURS MANPOWER COST HOURS MANPOUWR COST HOURS MANPOWER COSTCOIkTCTIVC PAINT 1284. 4.01 27615. 3019. 12.44 44021. 4321. 16.81 63004.PREVENTIVE flMAlIt 367. 1.31 22115. 267. 2.42 144.0. 344. 3.04 46236. 31CALL-1ACK PAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SITE PAINT 2251. 9.32 60233. 36406. 14.36 3 479. 1167. 21.28 109040.VASE LEVEL REPAIR 224. 0.13 3903. 3S0. 0.20 6244. $197. 0.29 0976.I-EPOT LEVEL ARfAIR 12. 0.01 243. i6. 0.01 397 . 27. 0.02 209.TOTAL SYSTEM MAIN? 2497. 54391. 3184. 34113. 2100. 119374.

1991 1992 1993

L*10k CATEIGOY HOURS 1ANPOUCR COST HOURS MANFPOWER COST HOUrS MANPOWCR COST p
C0•! [ttll[ FAqT-f $799. 23.90 945U. 7453. 30.71 108674. 9202. 38.25 13',345.

P;CINfTIVE PAlo 1134. 4.69 97478 14640. 6.05 73190 . 1839. 90.56 67201.
0.LL-PACI PAIN 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SITE PAINT 69214 2..59 144307. 8921. 36.76 101971. 28117. 41.81 222520.bA4[ LEV•L PEPAI*R 90. 0.39 12090. 294. 0.41 14611. 1120. 0.663 19Z14.DEPOT LEVCL REPAIR 37. 0.02 242. 46. 0.03 9793. 12. 0.03 3186.TOTAL SlTET MAINT 74603. S7140. 7974. 1984627 122%. 243206.

1994 1995 1996

LIIO CATEGORY HOURS MANOIUER COST HoUrS MANPOWER COST HOURS MANPOWER COSTCOILCTfVE PAINT 11286. 46.21 164361 . 1346Z. 12.49 196331. 33817. 61.18 430636.PREVINTIVE PAINT 2239. 9.23 101090 . 2609. 11.04 116723. 3116. 23.01 132341.CALL-RACK PAINT 0. 0.00 0. 0. 1 0.00 0. 0. 0.00 0.TOTAL SITE rAINT 13523 123.03 266274. 16144. 14.23 313038. 14994, 71.19 36296s.$ASE LEVEL REPAIR 1326. 0.77 23807. 1637. 0.03 26478. 1947. 1.09 73t62.
DEPOT LEVEL fEPAIR 72. 0.04 1434. 96. 0.11 1076. 201. 0.01 43•0.TOTAL SYSTEM MAINT 14963. 2914S9. 47019. 343370. 21002. 399634.

1997 199. it"
LAIOR CATE0ORY HOURS MANPOUER COST HOURS MAHFOWER COST HOURS MANPOUCE COSTCORREtCT'JE 6122? 103144. 13.07 204168. 21044. U68.42 306853. 23918. 91.56 3462,316PRVENTIVE M1l6T 722470. 15.12 14846-. 4291. 17.39 166124. 4900. 19.21 182931.CALL-tACK ,AIN? 0. 0.00 C. 0. 0.00 0. 0. 0.00 O.TOTAL SITE PAINT 22014. 16.07 418.944, 49)7. 104.11 471947. 28726. 118.38 93107S.VASE LEVEL RCPAIR 2423. 1.2. 390280. 063. 2.46 44882. 2933. 1.66 11279.IE;OT LCVEL I.EPAIR 242. 0.01 2492. 136. 0). 297. 294. 0.01 3160.TOTAL SYSTEM MAINT 24372. 458404. 24908. 519601 . 319814. 105327 .

2000 2001 2002

LAVOR CATcEOA.Y HOURS MANPO•tCR COST HOUrS MANPOWER COST HOURS MANPOWER COSTCOPE•CTIVE MAINT 24967. 101.42 373190. 30186. 124.3. 440146. 374. 130.38 489624.PkCVJENTIVE MAINT 5432. 224.9 200046. 6092. 24.14 218312. 6390. 27.98 397121.CALL4ACK •?INT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SITE PA•NT 32397. 133.41 1930372. 36372. 149.70 11186. 40369. 83.30 1926734.VASE LEVuL AtPAIR 3316. 1.07 $7761. .7. 2.10 64787. 4142 . 2.04 12312.DtPOT LEVEL AEPIAR 130. 0.20 3&00. 196. 0.11 4038. 213 . 0.12 4700.TOTAL SYSTEM MAINT 308272 614299. 701f6. 7237282. 44731. 103437.

2003 2c44 2009

LA*OI CAT8ORT HOURS MANPOWER COST HOURS MAPOWER COST moms KAHPOUER COSTCOAR&CTIE( MAZIT 37145. 223.07 9 416922 40804. t60.48 294137, 4499. 184.60 683169.PREVENTIVE MAINT 2$24. 31.00 242 446. 8294. 34.10 276316. 9102. 33.01 296721.CALL-VACK MAINT ?. 0.00 C. 0. 0.00 0. 0. 0.00 0.TOTAL SITE MAINT 44609. 3033 302.66 192413. 332.. 222.10 9490.SASE LEVEL REPAIR 4593. 2.60 60007. 5043. 2.06 88203. .$6, 3.14 96790.(2FOT LEVEL REPAIR 242. 0.14 4923. 26&. 0.IZ 5497. 292. 0.16 6032.TOTA). STSTEM PAINT 49103•.442. 540. v664. 5974S. •00271j.

2006 2007 2001

L&POR CA![GORY HOURS MANPOWER 'COST HOURS MANPOU[k COST mou•s HANPOUER COSTCOwcTCIVE MA114T 48979. 201.42 712714. '52963. 219.25 "?2260. Z7046. 23S. 08 931806.P&E*JET#4? lu f MIT 9T46. 40.99 317161. 107V0. 44.46 338601. 12634. 47.94 3S9541.CAtL-ý&CK rAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.1011L %I?[ PAINT9 '.002. 242.41 2030373. 637ý2. 212.72 2110841. 068,0. 283.02 11?1346.VASE •'.E'IL REPAIR 6071. 3.43 105766. 6*87. 3.73 134742. 7102. 4.02 12371f.1,rt'jl L['*4L PTFFIR 320. O.10 6592. 347. 0.20 7131. 374. 0.21 7714.10161 SYSTEM PtAINT 65236* 1142731. 70106. 1232714. 7611U. 1322776.

C00-LAttkt cAMOrYo HOURS MHNF GUEF COST
CO&'ICTZvE M6tmT 61130. 2'ý1,91 991351.
$1VNIV+'EIIU PAINT 12470. $1,42 300451.
€CA.L*P&CK MAIN? 0. 0.00 0.

T0141. MAmT 71600. 302.33 1271932.8ASE LLVEL 9061AR 7617. 4.31 13.46s*
IItF0T LEVEL F[P&IR 401. 0.23 0270.

0TOTA SYSTEM •MAIT FA162S. 1412"79.
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MTSIEN! SCPLS-KAZ 11s01
USitA: NATIONAL AIR SPACE
VISCOU I FACTORAO.0<

NONRECUARRINO LOGISTIC SUPPORT COSTS

COST CATEOGMA 198M 1956 1987 1988 1969
SPAPES 0. •. 1059513. 33899. 1017.
SHIPPINO 0. 0. 4953. 1101. 550.
INVENTORY mayT 0. 0. 0. 0. 0.
SUPPORT EQUIP 0. 0. 190000. 0. 0.
T*AINIHO 0. 0. 9M,0. 1450. 0.

DATA NANAOQ[ENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.

AU41IAL TOTAL 0. 0. 2163?16. 364ZO. 1567.

COST CATCOQAY 1910 1992 1992 1993 1994
SPAPES 9223. 2268. 441t. 4625. 7128.
SH|ItINo 1102. 1101. 1101. 1101. 1101.

INPVENTORY HOT 0. 0. 0. 0. 0.
SUPPORT EOTUP 0. 0. 0. 0. 0.

rAAINING 1450. 1450. 1450. 1450. 0.
DATA NAORMAMENT 0. 0. 0. 0. 0.

ANNUAL TOTAL. 11774. 4019. 6966. 7176. u229.

COST CATEGOAY 1995 1996 1997 1998 1999

SPA•ES 2284. 35797. 7598. 2030. 1017.
SII1PPINO 1101. 1101. 1101. 1101. 1101.
INVENTORY NOT 0. 0. 0. 0. 0.
SUPPORT EOUIP 0. 0. 0. 0. 0.
TRAINING 1450. 14Z0. 1450. 1450. 1400.
DATA NANAQCNENT 0. 0. 0. 0. 0.

FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL 4635. 30349. 10149. 4561. 3563.

COST CATEGOAY 2000 2001 2002 2003 2004
Sl•ES 6733. sel6. 217. 1205. 38236.
SHIPPINGO 1101. 1101. 1101. 1102. 1101.
INVENTORY HOT 0. 0. 0. 0. 0.
SUPPORT [EuIp 0. 0. 0. 0. 0.
TPAINSNO 1450. 0. 1450. 1450. 140*.
DATA KANAOEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL 9294. 9912. 2768. 37u6. 40787.

COST CATEGORY 2005 2006 2007 2003 2009 TOTAL
Sog RES 10169. 1419. 0. 0. 0. 2137t89.

SHNIPP •G 1101. 1101. 0. 0. 0. 25314.
INVENTORY MOT 0. 0. 0. 0. 0. 0.
SUPPORT EOUIP 0. 0. 0. 0. 0. 190C.00.
IRAININO 1450. 1450. 0. 0. 0. 32650.
DATA MANAQENENT 0. 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0. 0.
ANNUAL TOTAL 32720. 3970. 0. 0. 0. 2305551.

V.
LI
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SySTem: CML.S-PAZ (ISO))

U111: NATIONAL. AiR SPACE
*ISCOUNI FACtOAIO.00

ACCURAINO LOGISTIC SUPPORT COSTS

COST CATEOORY 1985 1916 1937 M918 1989
Swngcg 0. 0. 127972. 128372. 12?477.
ON-SITE MAINT 0. 0. 286. 290512 30829.

OFF-SITE RAIN? 0. 0. 4521. £:2. 6023.
IJNENTORY nOT 0. 0. 0. 0. 0.
SUfIORT EQUIP 0. 0. 2. 3. 3.
TRAINING 0. 0. 945. 1090. 1090.
DATA MANAGEMENT 0. 0. 0. 0. 0. N
FACILITIES 0. 0. 0. 0. 0.
SITE OPERATION 0. 0. 2779. 3396. 3105.
ANNUM. TOTAL. 0. 0. 161704. 167478. 171131.

COST CATCOORY 1990 1991 1992 1993 1994
SpArES 130094. 130654. 133714. 134194. 13139.
ON-SITE MAINT 34374. 37910. 41437. 44950. 48473.
OFF-SITE MAINW 7032. 8037. 9041. 10046. 11051.
INVENTORY NOT 0. 0. 0. 0. 0.
SUPPOFT EOUIP 4. 4. . .6.
TRAININO 1235. 1390. 1525. 1670. 1670.
DATA MANAGEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
SITE OPERATION 4322. 4940. 5557. 6175. 6792.
ANNUAL TOTAL 177061. 182925. 191230. 197048. 203131.

COST CATEGORY 1995 1996 1997 1998 1999
SPAkES 135619. 136396. 136796. 137.99. 138079.
ON-SITE MAINT 51904. 55439. 58991. 62490. 6598,5.
OFF-SITE MAIN? 12055. 13060. 14064. 15069. 16074. 1
INVENTORY nOt 0. 0. 0. 0. 0.
$UPfORT EOUIP 6. 7. 7. a. 9.
TRAZNIO ISlz. 1960. 210S. 2250. 2395.
DMA t,ANAOCEMNT 0. 0. 0. 0. 0. ±
FACILITIES 0. 0. 0. 0. 0.
SITE OPERATION 7410. 6027. 8645. 9262. 9880.
ANMU.L TOTAL 203889. 214939. 220609. 226678. 232421.

COST CATEGORY 2000 2001 2002 2003 2004
SPIARES 141059. 141619. 142316. 142876. 143493.
ON-SITC MAINT 69477. 72967. 76455. 79940. 83423.
OFF.SIIE MAIN? 17070. 18083. 19037. 20092. 21097.
INVENTO&Y AOT 0. 0. 0. 0. 0.
SUPPORT EOUIP 9. 10. 10. it. 11.
TRAINING 2540. 2540. 263S. 2830. 2975.
DAT. M•AN•GEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
SITE OPERATION 10497. 11115. 11732. 12350. 12967.
ANNUAL TOTAL 240661. 246333. 25fl85. 258098. 263966.

COsT CATEGORY 2005 2006 2007 2003 2009 TOTAL
SPARES 144301. 145239. 14S239. 145279. 14Z:19. 317072'.OH-SITE RAINT 86905. 90384. 90334. 90394. 90304. 1418162.
OF-4ITC MAINT 22101, 23106. 23106. 23106. 23106. 341563.
INVENTOR? ROT 0. 0. 0. 0. 0. 0.
SUPPORT EOUIP 12. 12. 12. 12. 12. 181.
TRAI•INO 3120. 3265. 3265. 3265. 3265. 50880.
DAT4 AtI¶AUAOCENT .0. 0. 0. 0. 0. 0.FACILITIES 0. 0. 0. 0. 0,
SITE PCTOATAON 23585. 14202. 14202. 14202. 14202. 209943.
ANNUM. TOTAL 270023. 276203. 276208. 276200. 276209. 5191453.
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SYSTEMR SCtLG-I'2AZ (130)

USER: hAIIONAL AIR SPACE
DICOU111 F&CTDr.0.O0
SYSTEM CGý1*, t 68132.00

TOTAL LIFE CYCLE COSTS PY YEAR

CO€T CATEnGf T 1955 ,1906 1987 1900 1989

ACOUISITION 6"1769. 140393. 70197. 1403V3. 140393.
"St46.LAT171 0. 0. 124.'00. 27600. 13000.

tWO~kECUkkjNG 0. 0. 2163916, 364S0. lt67.
At[U*ImORN 0. 0. 261704. 147438. 171131.
TOTAL. LOGISTIC 0. O. 232S6.20. 203087. 172299.
T0TAL PROGRAMt 631769. 140393. 2%20017. 371800. 326S92.

COST CATEGORY 1990 1991 1992 2993 1994
ACOUISZTION 140393. 140393. 140393. 140393. 140393.
INSTALLATICN 27600. 27600. 27600. 27600. 27600.

HOKECURRIlO 11774. 4819. 6966. 7176. 8229.
AECUARIII0 177061. 182925. 191280. 197048. 203131.
TOTAL LOGISTIC 180835. 187743. 198245. 204224. 211360.
TOTAL PROGRAM 356820. 355736. 366239. 3722217. 379353.

COST CATEOORY 1995 1996 1997 1998 1999

ACOQUSITION 140393. 40393. 140393. 140393. 140393.-
2IISTALLATII3N 27600. 27600. 27600. 27600. 27600.
N0'.RCUrKING 4035. 38348. 10149. 4S61. 3568.

RICURA.2N 208809. 214939. 220609. 276670. 23242%.

TOTAL LOGISTIC 213723. 253287. 230757. "31230. 235988.

TOTAL PROGPAA 381717. 421280. 393750. 399232. 403981.

COST CATEOORY 2000 2001 2002 2003 2004
ACOUISITION 140393. 140393. 140393. 140393. 140393.
2I4NTALLATION 27600. 27600. 27600. 27600. 27600.

NONRECU992NO 9284. 9917. 2760. 3756. 40707.
RECURRING 240661. 246333. 252205. 2Z809U. 263966.
TOTAL LOGISTIC 249944. 256250. 255053. 261284. 304743.
TOTAL PROORAMI 427938. 424243. 423046. 429847. 472746.

COST CATEGORY 2005 2006 2007 2008 2009 TOTAL

ACAUISITION 0. 0. 0. 0. 0. 3229041.
INSTALLATION 27600. 27600. 0. 0. 0. 634800.

NOIIACCUr~hIflG 12720. 3970. 0. 0. 0. 2305552I.
RLCUSRRclH 270023. 276208. 276203. 276208. 276209, 519145,.

* TOTAL LOGITTIC 282743. 280178. 276209. 276208. 276208. 7577009.
TOTAL PROGRAM 310343. 307778. 276208. 276208. 276208. 11440840.

CUMULAT1VE LIFE CYCLE COSTS 1Y YEAR

COST CAT(CORY 196e 1986 1997 192f9 1909

ACOUISII2j" 631769. 772162. 842359. 98272" 11231425.

INSTALLATION 0. 0. 124200. 151000. 162500•.

MO!4rPtCU9R1N0 0. 0. 2163916. 2200365. 2201933.
RECURRING 0. 0. .61704. 329142. 500273.
TOTAL LOGISTIC 0. 0. 2325620. 2729507. 2702206.
TOTAL PROGRAM 631769. 772162. 3292179. 36.14059. 3990951.

COST CATEOORY 2990 1991 1992 1993 2994

ACOUISITION 2263533. 1403931. 1544324. 1604717. 1025212.
IN¶TALLATION 193200. 220800. 240400. 276000. 303600.

NONRRCURF.2110 2213706. 221852'. 222%490. 222666. 2240894.

RiCURRINO 677334, 660259. 101SS39. 12401507. 14S2710.1,

TOTAL LOGISTIC 2392041. 3078784. 3277029. 3481253. 3692613.

TOTAL PROGRAM 4347779. 4703515. Z069753. 5441970. '921323.

COST CATEGORY 299s 1996 1997 1998 1999

ACOI :.Tlr, 1965504. 2105897. 2.46:9L. 2306603. 2527076.

:nSTALLATICH 331200. 358800. 3B6400. 414000. 441600. 7.
NONRECURRI410 2245729. 2284076. 229422S. 2298705. 2302353.
REtCURRIGH :660607. : 7546. 2096125. 2322833. 2555254.
*OTAL LOISTIC 3906337. 4159623. 4',0381. 4621619. 4057608.

1OTAL frOGkA 6203039. 6624319. 1023070. 7422301. 7d26283.

COST CATyOrIY 2000 2001 2002 2003 2004
ACOUISIT.ON 2667469. 2607862. 294825S. 3088648. 3229041.
INSTALLATION 469200. 496800. Z24400. 552000. Z79600."MONIECUKRINO 2312636. 2321553. 2324320. 2328076. 2368862.
*ECURRIms 2795914. 3042248. 3294533. 3552631. 3816590.
TOTAL LOGISTIC 510711,2. 5363002. 56J8B•S5 Z680709. 61nS462.

TOTAL PLOORAM 3244220. $668463. 9091509. 95213'56. 9994102.

COST CATEGORY 2005 2006 2007 2008 2009
ACQUISITIOH 3229041. 3129041. 3229041. 3229041. 3229041.
INSTALLATION 607200. 634000. 634600. 634000. 634800.

"NORICUARING 2381502. 2306551. 2381551. 230S515. 23855=1.
(CURkPING 4026621. 4362929. 4639038. 491S24. 52914S5.3

TOTAL LUDISTIC 6466205. 6748383. 7024592. 7300900. 7577009.
TOTAL PROGRAM 1030444%. 10612223. 10806431. 11164639. 11440847.
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8T5TKM tiftE! SABIC £ (ISO)

ANNUAL MAINTENANC.L IOURS ANI- L1.U.IJR COSTS

1985 1986 1907

LA.OR CATEGORY OGU$ MANPOWER COST HOURS MANPOWER COST HOURS MANY OWEN COST

to0-b(CTIVc MAINT 0. 0.00 0. 0. 0.00 0. 2125. 8.76 30980.";iEVcNTIVE MRAIY 0. 0.00 0. 0. 0.00 0. 92. 0.38 9970.
C&LL-PACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL. WiT M•INT 0. 0.00 0. 0. 0.00 0. 2216. 9.13 40949.
WAtE LEVEL REPAIR 0. 0.00 0. 0. 0.00 0. 370. 0.21 6446.

vEpoT L1VEL REPAIR 0. 0.00 0. 0. 0.00 0. 19. 0.01 399.
10fU. SYSTEM MAIN? 0. 0. 0. 0. 2606. 4779*.

1900 1989 1990

LABOR CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOWER COST

CORRECTIVE PI'IUT 13323. 63.14 223427. 27603. 113.75 402493. 40245. 165.84 589616.
FREVENIIV MAIMiT 697. 2.87 18400. 1266. 5.22 27094. 1853. 7.64 35656.
CALL-bAC. RAINY 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SE MAINT 16020. 66.02 242226. 28370. 118.97 429%07. 42098. 173.48 622472.

VASE LEVEL REPAIR 2812. 1.Z9 48993. 5107. 2.89 00960. 7475. 4.23 130217.

D1POT LEVEL REPAIR 147. 0.06 3033. 267. 0.15 5507. • 391. 0.22 8061.
TOTAL STITEM HAINT 18980. 294252. 34243. 524055. 49964. 760751.

1991 1 992 1993

LAbOR CATEOORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANYOhIR COST

CORRECTIVE eAINT 82077. 214.60 759354. 65080. 260.19 940952. 74530. 307.13 1086747.
PREVENTIVE MAINT 2404. 9.91 43693. 3009. 12.40 52513. 3450. 14.22 58934.
CALL-IPACK PAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 54481. 224.51 803037. 66090. 260.59 3001464. 7'980. 321.35 114$682*
VASE LEVEL REPAIR 9695. 5.46 1&8896. 12138. 6.87 211442. 13914. 7.87 24238!.

DEPOT LEVEL REPAIR 07. 0.29 10484. 635. 0.36 13090. 727. 0.41 1500S.

TOTAL SYSTEM RAINT 64604. 982388. 80862. 1225994. 92622. 1403072.

1994 1995 1996

LANOk CATEGORY HOURS MANPOWER COST HOURS MANPOUER COST HOURS MAN$IOW•R COST

CORRECTIVE RAINT 84763. 349.30 1235956. 94599. 389.03 1379369. 104431. 430.3S 1522735.
PREVENTIVE MAINT 39.7. 16.18 65891. 4386. &8.07 72580. 4844. 19.96 79269.

C€LL-CK ItAINI 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 88690. 36.148 1301847. 98984. 407.90 1451949. 109275. 450.31 1602004.

VASE LEVEL REPAIR 15835. 8.96" 275906. 17689. 10.00 308138. 19539. 11.05 340370.

DEPOT LEVEL REPAIR 828. 0.4? 17080. 925. 0.52 19076. t021. 0.18 21071.

TOTAL SYSTEM MINT 105337. 1594833. 117598. 1779163., 129836. 196344S.

1997 1998 1999

LAOR CATEGORY HOURS MANPOWER COsT HU.S MANI OVER COST HOURS MANIF OVER COST

CORkkCTIVc MIANT 114654. 472.47 1671792. 122515. 504.67 17fl646. 127290. Z34.02 11991.9.
PfRcVENlTIVE NMINT 5322. 21.93 86226. 5689. 23.44 V1277. 601.. 24.90 96396.

CALL-PACt. MINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MINT 119975. 494.40 1750109. 128204. 528.31 1870003. 13Z608. 558.03 1995972.

PASE LEVEL REPAIR 21463. 12.14 373891. 22943. 12.98 399677. 24275. 13.73 422094.

IEPOT LEVEL REPAIR 1122. 0.63 23146. 1199. 0.48 24743. 1269. 0.72 26179.

TOTAL SYSTEM MAINT 142860. 2150056. 152347. 2302423. 111153. 2435034.

2000 2001 2002

LA6OR CATEGORY HOURS MANPOWER COST HOURS MA14POVER COST HOURS MANPOUER COST

CONRWC-IVE MAINT 137842. 568.03 2009904. 144914. 597.17 2113026. 151985. 626.31 2216134.

PREVENTIVE MAINT 6404. 26.3f 102013. 6734. 27.75 106029. 7065. 29.11 111645.

CALL-PACk MRINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL. SITE RAINT 144246. 594.42 2111917. 151648. 624.92 2219354. 159050. 65t.43 2327779.

VASE LEVEL REPAIR 25630. 14.61 449959. 2/16". 15.36 473166. 20494. 16.12 496373.

DEPOT LEVEL REPAIR 1300. 0.76 27855. 1420. 0.80 29292. 1490. 0.64 30729.

TOTAL SYSTEM MIANT 171426. 2589731. 180230. 2722312. 189034. 2854881.

2003 2004 2005

LAROR CATE3CRY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANFOWER COST

CORRECTIVE "AINT 159841. 640.69 2330605. 167304. 689.44 2439496. 174765. 720.19 2548296.

PR,(NTZVE n;:KT 7432. 30.63 116996. 7780. 32.06 122080. 8129. 33.50 127164.

CALL-PACK hINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE rANHT 167273. 689.31 2447682. 175084. 721.00 2561576. 102896. 753.69 267S460.

IIASC 1SVEL KSPAIR 29974. 16.95 S22158. 31381. 17.75 546655. 3!777. 16.54 571151.

DEPOT LEVEL REPAIR I167. 0.89 32325. 1641. 0.93 33842. 1714. 0.97 35353.

TOTAL SYSTEM RAINT 196814. 3001148. 206108. 3142072. 217395. 3281769.

2006 2007 2008

LAIOR CATE.ORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS MANPOUCR COST

CORRECTIVE MAINT 183011. 754.17 2668=35. 133011. 754.17 2668535. 183011. 7Z4.17 2668535.

PFEVENtIVE MAIHT 8514. 35.09 132793., 8514, 35.09 132783. 8514. 35.09 132783.

CALL-PACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE RAINT 191Z26. 769.25 2801318. 191526. 789.25 2801318. 191526. 709.25 2801318.

WAE LEVEL kEFAZR 34?41. 19.42 598226. 34341. 19.42 590226. 34341. 19.42 599226.

DEPOT LEVEL CRPAIR 1715. 1.02 37034. 1795. 1.02 37034. 1795. 1.02 37034.
TOTAL SSTSCE RAINY 227662. 3436578. 227662. 3436S78. 227662. 3436578.

2009 . TOTALS

LA•ORT CATEGORY HOURS ,AJI OWE R COST HOURs MANPOWER COST
COkkEC11Vr AblifT 1430:1. JIS4.17 2460535. 2S96232. 10698.76 378',6308.

RIEVENIIvE nlAST 6.194. 35.09 132;83. 120259. 4V6.01 1916445.

CALL-PACK RAINT 0. 0.00 0. 0. 0.00 0.

TOTLL SITE RAINT 191. 6- 709.2S 2801210. 2716791. 11195.Z' 39812748.

PASE LEVEL R1,01R 34341. 19.42 598226. 4062%0. 275.03 8470571.

;EpOt LEVEL kEPAIN 1/9z. 1.02 37034. 20421. 14.38 2243.5.
TOTAL SYSTER KAINT 227#62. 3436578. 3228462. 480/0700.
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9ITIEM TYPXI PASIC 3 3180)

CUt'U. AT IVC KAINTENANCE HOUkS AND1 LAPOR C001t1

%9fl I9U6 t9U)

LWI1R CAIIOORY HOURs MANto0! Ts0 COST HOURS pAmrcuER cOST kUUkq HAPOWsI 04 cO-I..COIk[CI | AUNT 0. 0.00 0. C. 0,00 0. :1;... 0.. '. f,.3 .11
01CCETIE"Al t 30"N"0. 0.0.RitVNTIVE MAIN? 0. 0.00 0. 0. 0.00 0. *2, 1. %6 4 v10.

CALL-PACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0. -TOTAL t1I1 MAIN? 0. 0.00 0. 0. 0.00 0. :21A. 9.13 40940.
8AIC LEVEL RIFAlk 0. 0.00 0. 0. 0.00 0. 3'0. 0.21 #446.
DPOT LEVEL REPAIR C. 0.00 0. 0. 0.00 0. IV. 0.3Z it#
TOIAL YSTETM MAIT 0. 0. 0. 0. 7406. 477V5.

i9ts 1909 1990

LAVOR CATEGORY HOUj? NANPOUER COST HOURS MANPOUER COST HOURS MANPOWER COST
CO;TgLT1VE MAINT 1744". 71.90 254406. 4501.1. 185.65 6Z6099. 85296. 3S1.49 1243713.
PREVE3I•IvE MAINT 789. 3.25 28769. 2055. 0.47 55863. 3y09. 16.11 91520.
CALL-W.A•t3 413T 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAIT? 1823:. 7:815 23176. 47106. 194.12 712763. 89204. 367.60 133Z235-.
8ASE LEVEL REPAIR 3182. 1.8 515439. 8289. 4.49 144399. 15764. 8.92 274617.DEPOT L•C4L REPAIR 166. 0.09 3432. 433. 0.25 8939. 824. 0.47 17001.
TOTAL SYSTTE• AINT 21585. 342047. 55129. 866101. 105792. 1626852.

1991 1992 1993
LAV0R CATEGORY HOURS MANPOWER COST Hour's "AN•ourR COST NOUFRS MANPOUCI, COSTCORRECTIVE MAWN? 137373. 566.10 2003069. 202453. 834.29 2952020. 276984. 1141.42 4030768.

PREVENTIVE MAIN! 6312. 24.03 035203. 9322. 38.41 187716. 12772. 51.63 246640.
CALL-8ACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SITE MAINT 143685. 592.13 2138272. 211775. 872.70 3139736. 2897=?. 1194.05 4285418.
PASE LEVI'L &(PAIR 25460. 14.40 443512. 37597. 21.27 654954. 51511. 29.14 897330.
DEPOT LEVEL S.bA3R 1331. 0.75 27456. 1966. 1.11 40546. 2693. 1.52 5S552.
TOTAL SYSTEM MAINT 170476. 2609240. 251338. 3835236. 343960. 5238108.

1994 1995 1996

LASO& CATEGORY HOURS MANPOWER C3ST HOURS MANPOUER COST HOURs MANFOUER COST
COARECIVE MAINT 361747. 1490.72 5274724. 456346. 1080.55 6654093. 560777. 2310.89 8176827.
PREVENIIVE MAIN? 36699. 68.81 313241. 21084. 86.89 3rj*,%21. 25929. 106.8? 464391.
CALL-PACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 378445. 2539.Z3 S87265. 477430. 1967.43 7039Z14. 506705. 2417.74 864118. 0
8ASE LEVEL REPAIR 673"03. 38.09 1173245. 85038. 48.10 148t383. 104572. 59.15 19217Z3.
DEPOT LE9EL REPAIR 3521, 1.99 72632. 4446. 2.51 91707. Z467. 1.09 112779.
TOTAL SYSTEM MAIN? 44931&. 6133141. 566914. 8612304. 696750. 1057n749.

3197 IV989 1.

LASOR CAl0GOkY HOURS MANPOWER COST HOURs MANPOUER COlT HOURS M-40IER COST
COkIRCTIVL 4|4 67M4A.. 2793.37 99484619. 797946. 320U.24 11635045. 727=-3. 3622.2' 13S24624.
PREVCNT:VE MA:14T 31250. 128.78 550617. 36T39. 152.22 44:194. 42957. 177.02 738588.
CALL-PACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL 81;E MAINT 706680. 2912.14 10399237. 834884. 3440.46 12277240. 970493. 3999.28 14263212.bAlE LEVEL REPAIR 126040. 71.29 219Z644. 146903. 84.27 2592321. 173259. 98.00 3018205.
11POT LEVEL I.PAIR 6589. 3.73 13S925. 7789. 4.41 160660. 9058. 5.12 186847.
TOTAL SYSTEM MAINT 939310. 12730805. 9916Z6. 1.033228. 1152809. 17468264.

2000 2001 2002

LAPOR CATEGORY 14OURS , tANTOuER COST Hou0s MANrOUIER COST HOURS MANFOUJR COST
CORRECTIVE 3AIT 1065377. 4390.29 15534520. 1230293. 4987.46 17647554. 1362276. 5613.77 19863638.
PREVENTIVE MAI4T 49362. 203.41 540600. Z6096. 231.16 947429. 63161. 260.28 1059074.CALL-bACK MAINT 0. 0.00 0. 1. 0.00 0. 0. 0.00 3.
TOTAL SITE MAINT 1114738. 4593.70 16375129. 12663. 2320.63 385949n4. 1425437. 50874.05 209:2764.
VASE LEVCL REFAIlk 199009. 112.61 3468163. 22625& 127.97 .941329. 254745. 164.09 443770?.
DEPOT LEEL REPAIR 10408. 5.89 214702. 11879. 6.69 243995. 13318. 7.Z3 274,23.TOTAL STSLM MAINT 2132&233. 20057996. 1504464. 22780300. 1693499. 2Z635188.

2003 2004 2005

LAPOR CATEGORY HOURS MANPOUER COST HOURs MANPOUER COST HOURS MA14FOWER COST
CORRECTIVE MAIIT 1522117. 6272 .46 22194374. 1649421. 6961.90 24633870. 1864186. 7682.09 27102166."PrEVENTIVE MAINT 70592. 290.90 1176070. 78373. 322.97 32981O0. 86Z02. 356.46 342.314.
CALL-VACK MAINM 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 1.92710. 6563.36 23370446. 1767794. 7204.86 2SV32022. 1950688. 8030.55 28607482.
.ASE LEVEL EPAItR 224719. 141.04 4959861. 316100. 1-8.79 5506516. 340886. 197.33 6"77667.

3EPOT LCVEL REPAIR 14885. 8.42 307048. 16525. 9.35 340890. 18239. 10.32 376248.TOTAL SISTE) MAIN? 1892314. 28637354. 2300419. 31779426. 2317814. 3506.396.

2004 2007 2008 .
LAIOR CATEGORY HOURS MAIPOUWE COST HOur'5 MANPOWER COST HO:RS MANPOWER COST
CORRECTIqE MAINT 2047198. 0436.25 29050702. 2230209. 9190.42 32119238. 2413221. 9944.59 31187772.
PREVENTIVE MAINT 9Z016. 391.S5 1558097. 103Z31. 426.64 3690879. 112045. 461.72 1823462.
CALL-PACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TOTAL SITE MAINT 2142214. 882Y.80 31408800. 2333740. 96127.06 34210116. 2525265. 10406.31 37011432.
tA4S LEVEL REDAIR 383227. 216.76 667S893. 417568. 236.10 7274:19. 451909. 255.60 7872345.DEOT EVEL hEPAIR 20035. 11.33 413282. 21030. 1:.35 450314. 2362S. 13.36 437351.
TOTAL 8TS12• MAINT 2545471. 3849?972. 2773138. 41934548. 3000800, 4Z371124.

2009
LAFOR CATEGORY HouJgS MANF3PWR COSTS
CORRECTIVE MAINT 2,96232. 10698.76 370,6308.
PP.EkVINT!VL MAINT 12051.9 496.01 19V6445.

CALL-PACk MAtNT 0. 0.00 0.
TOTAL SITE r.1-1117 2716741. 11195.7 39912748.
PAST LEVEL N&PAIR 496.'*0. 275.03 047171.
DE101 LEVtL PEPAIR 2421. 14.38 S:4305.
TOTA. ST2TIM MAINT 322V4.2. 45807700.
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*SYSTEM SAWI I ties)
VICK.: MA;.10h"A AtR aPACE
DISCOUNT PAC? I 0.00

NONkICCUkiINO 1OCIOIIC -. urPoal cOOst

cOSt CAI•TOR 19vs t986 1907 I9ve ln99
6PAR(S 0. 0. 4055370. 5t942*.. 4143'4.
SHIPPING 0. 0. 0304. 54004. 51482.
INVE1noRy AOT 0. 0. 37200. 0. 0.
SUPP0RI CGUIp 0. 0. 972.0. 0.
TRAINSO 0. 0. 16700. 84850. 77A00.
ýATA MANAGEMENT 0. 0. 7060000. 0. 0.

0.ACILI1CS 0, O. 0. 0. C.
ANNUAL TOTAL 0. 0. 12075491. 659079. 543436.

COST CATEGORY 11,90 1911 1912 1993 1994,

SPACE3 431745, 3309.1. 612136. 470620 63'122.
SmAp&S 553643. 4542209. 54804. 398S7. 43.98 -4
SUPP•ORTCol Up 0. 0. 0. 0. 0.

IAININGO 84510. 76150. 4J417. 16210. 66000.
DATA KANAOfMET 0. 0. 0. 0. 0.
FACILYTIf T 0. 0. 0. 0. 0.ANUALJ• TOTAL S69038. 430923. 750340. 572127. 744301.

COST CATEGORY 1995 1996 1997 1998 1999

SPA NES 5 43672. 342091. 47105 . 463367. 498604.14 PPIplo 4|158. 41.18. 43179. 23214. 29893.

tNENTok•AOCiT 0. 0. 0. 0. 0.BUFFCAT EOU|P 0* 0. 0. 0. 0.
TRAINING 65300. 64550. 6"GOO. 49300. 45700.
DATA MANAGEMENT 0. 0. 0. 0. 0.

FACILITTCS 0. 0. 0. 0. 0.
ANNUAL TOTAL 660490. 646109. 664234. 043082. 474247.

COST CATEGORY 2000 2001 2002 2003 2004
SPARCS 479766. 354492. 3 .4295. 521707. 37S670.
S~hIPNO 34175. 34675. 29893 . 33214. 37,
INVNVIOkY HOT 0. 0. 0. 0. 0.
SUPPORT EPUIP 0. 0. 0. 0. 0.
TRAINING 454400. 4400. 47150. 49300. 48600.
IDATA rt*t.AGOCCNT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.ANNUAL 7TOT• Z69041. 46G008. 4Z1336. 604301. 4=:832.

COST CATEGORY 2005 200& 2007 2009 2009 W:AL
SlA*ES 396051. 506ý94. 0. 0. 0. 13023225.
9H|/'P•a 3ISS4, 34675. 0. O. 0. 77W5.S
:MVljTO*Y HOT 0. 0. 0. 0. 0. 37200.
SU1"pORT EaUtP 0. 0. 0. 0. 0. 97920.
TRAININGO 41600. U4400 0. 0. 0. 1109!;00.
DATA MANAGEME[NT 0: 0. 0: 0. 0. 7960000,
FAC|L•T% I. IS O0 O* 0 0.0

ANNUA TOTAl 47620a. . 59169. 0. 0. 0. 22978430.
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SYSICNI 1'AbIC I (1loo
U8RAI NATIOCIAL &It CPACE
DISCOUNT FACtOklO.00

ARCURRINO toOIlliC SUIPORT COStS

Cost 'AIEoORty 1985 19A6 1907 1908 1909VAAA[ 0. 0. 570486. 783104. 96t633.V0"-SIOE 
RAINr 0. 0. 44863. 271973. 463600.Orr-GlTc fAIET 0. 0. 16689. 126839. 230113.l2AIePAIk• MGT 0. 0. 4640. 40. 460.I4PPOAT (DUI ' 0. 0. 29. 223. 406.TDAITINA 0, 0. 1670. 10155. 1791".DATA CEAt MEAONEpT 0. 0. 93600. 93600. 93600.FAC1LIT:ES 0. 0. 70000. 78000. 78000.SITE OPERATION 0. 0. 8063. 61075. 111263.ANNUAL TOTAL 0. 0. 818051. 1429819. 1985379.

COST CATCGORY 1990 1991 1992 1993 1994SPARES 1153120. 1519531. 1822901. 2037616. 2160408.ON-STE RAINI 701t24. 90583. 1129843. 1292847. 146935,OFf-SITE MAIRT 337122. 43726. S47411. 627520. 14302,.INVS•N0RT EOT 4600. 4.50. 4650. 4650. 4610.SUIfOI EOGUIP 594. 770. 964. 1105. 125,TfAIIO 26330. 33945. 42285. 48450. %5010.DATA MAIJAOEMENT 93600. 93600. 93600. 93600. 936o0.FACILITIES 78000. 70000, 70000. 78000. 79000.SITE OPERATION 162863. 211233. 2644Z3. 303:50. 345075.ANNUAL 2OTAL 262816. 3284578. 3984104. 4486979. 4941791.

"" COST CATEGORY 1995 1996 1997 1990 1999£1-Akcs 2319759. 2676656. 2021784. 2946976. 2215457.N-SITE RAINT 1639037. 1800662. 1985030. 21206W0. 2242730.OFF-SITE IIAINT 79771. 881198. 967983. 3- ~740. 1094822.INUMNTCFT NOT 46S0. 4650. 46'0. "90. 4650.TRA01NINCGlU 1405. 15=2. 17¢4. 4'22. 1928.TRAIIINO 61580. 68035. 746.15. 8413S.DATA MANAGEMENT 9310). 93600. 93600. .. 00 93600.FACILITIES 71000. 78000. 78000. .00 78000.SITE OFNRATION 385300. p25700. 467,25. 49'87'. 8900.ANNUAL TOTAL 5451170, 6038053. 649'011. '7. 7344251.

COST CAICGOOY 200o :001 2002 2003 2004SPARES 3363658. 3493244. 36n9791. 3907143. 4026596.ON-SIIL MAINT 2385113. 2207141. 26291Z6. 2764114. 2893482.orF-SJTE 'AINT 1164917. 1224999. 1205001. 1351028. 1415280." CNVEllT6RY ROT 46%0. 46Z0. 460,. 0. 4650.0.SUPPORT LSUIP 20212 6157. 263. 2300. 2492.T8AINXNO 89575. 94145. 90360. 103790. 100650.D'ATA MAtlAGEMrNT 93600. 93600. 93600. 93600. 93!00.FACILITIES 78000. 7000. ?',,2n. 70000. 78000.SITE OPERATION 562763. 591788. 67 1. 652063. 683700.ANNUAL TOTAL 7769327. 8089723. 8472. 895V178. 9306458.

COST CATCGO0y 2005 2006 200' 2000 2009 TOTALSFARES 4203060. 4308917. 4300?1;. 4308917. 4308917. 65002752.Ol1-SIT PAINT 3022239. 3164235. 316,. 3164'535. 3164.35., 49Z7,24.OCr;SI.E MAl14T 1478.)7. 1548773. 154870. 14407713. 3548773. 
21929818.1llUENTGIY NOT 4650. 44Z0. 460. 4650. 4650. 10695O.

SUPPORT EQUIP 2604. 2727. 777. 272;. 472.0 38613.TRAINING 113510. 118950. 1191190. 
310950. 110950. 1688081.OA'A MANAGEOENT 93600. 93600. 93600. 93600. 93600. 212000SACILITEIO 7800.R 78000. 70000. 78000. 78000. 1794000.SITE OPERATION 714330. 748200. 74U200. 74'*200. 748200. 10594126.ANNUAL TOTAL 9710700. 1006832?. 10060352. 10066352. 10068352. 148262880.
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SYSIrN: IA'.IC t £200)
UA0LI Idt.TIOIDAL AIR SPACE
SfTIR COUNT S 36138.00.

TOTAL LIFE CYCLE COSTS fY TEAR

COST CATEGOIY 1935 1934 2987 198T 190Y

AUU|SIIIOO 2343466. 12298973. 1153407. 11924I00. 121U0794.

I2NfALLAIION 0. 0. 1.07000. 8593200. C07"400.

NE.loACURI|"ND 0. 0. 1207594. 659079. t43436.

AICULAI0O 0. 0. 818052. 1429819. 1915379.

TOTAL LOGISTIC 0. 0. 12293545. 2080'90. 2¶208&6.

TOTAL PROGAMJI 1843466. 12298873. 25749032. 22608270. 2*7A2010.

COST CATFOOT 2990 19%2 1992 1993 1994

ACOUISITION 122?C8ij. 8944635. 9690021. 9317320. 9317328.

INSTALLATION 8332000. 7812000. 8593200. 6249600. 4770400.

NOIIRECUAA•IO Z69038. 4S6923. 750340. 5721227. 744301.
kECURRIhG 2562816. 3204578. 3984104. 4486979. 4941791.

TOTAL LOGISTIC 31J1054. 3741501. 4734444. 5059106. 5606092.

TOTAL F&001.AI 23763528. 20498136. 23017664. 20626034. 21773820.

COST CATEGORY 1995 1996 1997 1998 1999
ACOUISITION 9690071. 7453863. 6708477. 7826556. 6700477.

5T1LLA'1I0N 6510000. 6510000. 6770400. 5100000. 4687200. 4
tiONECUAI tNO 660490. 648159. 666234. 545092. 474247.

RCCUA1•NG 5451170. 6030053. 4491011. 685,9Y9. 7344251.

TOTAL LOGISTIC 611660. 6186212. 7161245. 7 7405710 7818498.

TOTAL PROGOAA 22311682. 20650076. 20640122. 20440336. 19214176. "'

COST CATEGORY 2000 2001 2002 2003 2004

ACOUISITION 6708477. 7453863. 7081170. 7081170. 7026556.

INSTALLATION 5468400. 4687200. 4487200. 5208000. 4947600.

t1O'-kECUPRlNG 569041. 460085. 451339. 604301. 455932.

&ECLR&lt20 77-9327. 8089723. 8472203. 8959178. 9306428.

TVTAL LOGISTIC 8338368. V549808. 8923541. 9563479. 976:260.

TOTAL PpOaNkAm 20515246. 20690872. 20691912. 21852650. 22536416.

COST CATEGORY 2005 2006 2007 • 2008 2009 TOTAL

ACUUISITION 0. 0. 0. 0. 0. 172929616.

INSTALLATION 4147600. 5468400. 0. 0. 0. 120825600. 0

NONECCU 110 476205. 595369. 0. 0. 0. 22978426.

RECUkRINO 9710700. 10408352. 10060352. 10060352. 10066352. 148262800.

TOTAL LOGISTIC 10186905. 1066422 10060352. 10068352. 10068352. 171241296.

TOTAL PPOGLAN 15134505. 16132621. 10060352. 100683Z2. 10068352. 464996480.

CUMULATIVE LIFE CYCLE COSTS fy YEAR

COST CATEGORY 198s 1983 1987 1988 1909

ACCUISITION 363466. 14162339. 25715826. 37642000. 4e82604. '4

INSTLLLATION 0. 0. 130=000. 9890200. 17967600.

NOI, ECUF•ING 0. 0. 1207:494. 12734573. 13270009.

RECUPRItWG 0. 0. 818051. 2247170. 4233249. •

TOTAL LOGISTIC 0. 0. 12893S45. 14102443. 27511253.

TOTAL FROORAR 1863444. 14162339. 39911372. 62519652. 84301664.

COST CAIEOORY 1990 1991 119J 193 19'4

ACOUISITION 61121676. 70066312. 797-63A6. 89073664. 983909912.

IISTALLATION 26300400. 34112400. 477C-600. 4L9S5200. 55722600.

HONRECUARINO 13847047. 14303970. ISO04310. I2426437. 16370738.

RECURRINO 6794065. 10080642. 140,.4744. 18551724. .3492514. t

TOTAL LOGISTIC 20643112. 24384612. 2911VOS6. 34170164. 398.4256.
TOTAL PR0ORAR 106065192. 123363328. 15150992. 172207024. 193980848.

COST CATEGORY 1995 1996 1597 1998 1999

ACOUISITION 108081026. 1113480. 222243360. 1300t.9912. 136770384.

INSTALLATION 6223S600. 68745600. 75516000. 80724000. 85411200.

NON&ECURAING 27031228. 17679388. 18345622. 18891504. 1936575-2.

RECURRING 28944604. 34902736. '1477748, 48337648. 56a81900.
TOTAL LOGISTIC 41975916. 52662128. 59823372. 67229152. 7504'648.

TOTAL PDOGkAA 216292520. 236942=92. 257382720. 278023072. 297237249.

COST CATEGORY 2000 2002 2002 2003 2004

ACOUISITION 143406864. IS0940"20. 158021888. 16510305.. 172929616.

INSTALLATIOP 90079600. 955%6800. 1002,4000. 105462000. 110409600.

NOn1RECUFSIJO 29934794. 20394880. 20846218. 21450520. 21906352.

RECURRING 634Z1228. 7154095Z. 80013122. 88972328. 9327760.
TOTAL LOGISTIC 81386016. 9193S824. 10085v368. 110422048. 120185112.
TOTAL PROGRAM 3177525:2. 338443392. 3Z9135328. 360908000. 403524448.

COST CATEGOAY 2005 2006 2007 2008 2009

ACPUISITION 17292f616. 172929616. 172929616. 1'2929616. 172029616.

INSTALLATION 115357200. 110825600. 120025600. 120125600. 120825600.

"MON[ECLORING 22382956. 22978426. 22770426. 22978426. 22978426.

RECUR*INC 107989464. 118057816. 120126160. 138194529. 148262080.
TOTAL LOGISTIC 130372016. 141036240. 0ý1104' .2. 162112944. 171241216.

TOTAl PROGRAM 4186589/6. 434791.16. 444659948. 454928320. 464996"72.
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SYSTEM TYPEI 1,AI|C-IIKA? (I80)

ANNUAL MAINTENANCE HOURS AND tAPOR COS'O

196e 190u6 tvil

LAIOR CATtOORY T HOURit MARPOUkR COst HOURS RAN I)lNr COSt HOUrs AINroUI. Cool

CORREIIV MAUIj 0. 0.00 0. 0. 0.00 0. 243. 1.01 35?7* "
1111tRUI|Ul MAINT 0. 0.00 0. 0. 0.00 0. 1@. 0.00 0900.
CALL-PACK MlINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL. SlTE MAINT 0. 0.00 0. 0. 0.00 0. 36.. 1.0v 12471.
WARE LtVEL REFAIR 0. 0.00 0. 0. 0.00 0. 34. 0.0., 640.
DEPOT LEVEL ALFAIR 0. 0.00 0. 0. 0.00 0. 2. 0.00 30.
TOTAL SISTER MtINT 0. 0. 0. 0. 299. 13096.

1980 1989 1990

LWbOR CATEGORY HOURS MANPOWER COST HOURs MANPOWER COST HOURS MANPOUWR COST
CoolTAL SEAINT 1483. 6.11 21619. 2624. 11.06 31133. 4223. 17.43 47023

PREVENTIVE MAINT 128. 1.S3 10.05. 239. 0.98 12110. 349. 1.44 1391".
CALL-0ACh MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 5511. 6.74 32124. 2922. 12.04 11243. 4223. 17.40 70203.

SASE LEVEL REPAIR 237. 0.13 41470. 429. 0.25 7612. 642. 0.36 11193.
DEPOT LEVEL REPAIR 124 0.01 294. 23. 0.01 473. 33. 0.02 691.TOTAL SYSTEM MAINT 284.0. 3449T. 3383. 59360. 4*98. 02077.

1991 1992 1993

LABOR CATEORY HOURS MANPOUER COST HlURS MANPOWER COST HOURS MANFOWUR COST
CORRECTIVE MAIHT !205. 20.84 197953. 6239. 23.71 90963. 10120. 29.72 10820:.
PREVENTIVE MAINT 479. 1.10 19321. 469. 2.34 16927. 661. 2.72 i8224.
CALLoACrK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0 00 0.
TOTAL SITE MAINT 521?. 22.93 190741. 00. .0 14767. 110. 45.71 .70320.
RASE LEVEL REPAIR 845. 0.40 14713. 1047. 0.59 10247. 1216. 0.69 21190.
DEPOT LEVEL REPAIR 44. 0.02 909. 1. 0.03 1627. 63. 0.04 1301.
TOTAL SYSTEM ftAINT 6406. 10474T. 1907. 127263. 9160. 146035.

1994 1990 199&

L*O0R CATOORY HOURS MANPOWER COST hoURS MANPOUWR COST HOURS MANPOWER COST
CORCECTI1U MAINT 1200. 33.79 162319. 9178. 39.02 133702. 10156. 41.21 148090.
PREVENTIVE 'PAINT 712. 3.30 19602. 144. 3.48 20940. 936. 3.06 22278.
CALL-$ACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT W12. 20.11 13 5161. 13022. 43.30 134767. 11091. 45.71 .703SS.
VA&L LEVEL REPAIR 1385. 0.79 24133. 20124. 0.0 270/6. 1823. 0.97 300:9.
DEPOT LEVCL JREAIl 72. 0.04 1490. 10. 0.06 161. 11. 0.04 4.5
TOTAL SYSTEM MAINT 10409. 264704. 1214. 23Il13. 12904. 202231.

1.7 1990 1499

LAT'OR CAICOOIT HOURS MANPOUCW COST HOURS M#AUCR COST HOURS MANPO1ER COST
CORREkTIVE IAINT 11132. 42.27 162319. 11913. 42.73 173702. 12693. Z2.1 189107q.
PREVENTIVE MA'NT 1024. 4.23 23616. 1101. 4.44 24686. 11743 4.04 25n76.
CALL-NACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE HAINT 14721. 40.61 22327l. 13074. 53.63 718388. 13867. 57.69 210834.
VASE LEVEL REPAIR 2982. 1.07 32402. 2027. 1.15 34216. 2162. 1.22 37674.

DPOT LEVCL REPAIR 19. 0.01 2034. 106. 0.O7 21b7. 113. 0.08 2.7.
TOTAL SYSTEM MAINT 14130. 220932. 1=147. 230007. 161432. "953z.

2000 2001 2002

LAOR CATEGORY HOURS MAWNOUCR COST HOURS R1GUIIEER COST HOURS MANPOWER COST

CURECTIVE MAINT 13473. 2.152 126448. 14288. 8U.73 207013. 17031. 61.94 219173.
P*EVLETIVE rAlT 12480. .14 26826. 1321. 5.44 21097. 13956. .71 21V67.
CALL-tACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 147921. .0 2262. 1813. 64.18 237710. 18426. &7.69 248140.
SASE LEVEL AEP.RI 2297. 1.30 40028. 2433. 1.38 42379. 2968. 1.48 44794.
DEPOT LEVEL REPAIR 120. 0.07 2472. 128. 0.07 2614. 135. 0.09 2163.
TOTAL 5STECM MAIN? 17132. 265172. 12133. 250070. 19128. 293639.

2003 2004 2005

LAVOR'CATEGORY HOURS MANPOUER COST HOURS ""POUER COST HOURS IANPOWER COST
COR*ECTIVE MAINT 1.814. 74.75 243052. 16914. 74.37 241879. 1366. 74.77 25322s.
PREVEuTTIVE M.:INT 1468. 6.09 L0033 . 1048. 6.39 31108. 1618. 6.6e 32178.
CALL-PACK 9214? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 19270. 81.73 260986. 19033. 74.71 272976. 19833. 78.22 281403.
VASE LEVEL EAt-IR 2703. 1.:3 47088. 0938. 1.61 41442. 2973. 1.60 41791.
DEPOT LEVEL REPAIR 14:.. 0.09 2908. 1li. 0.08 3034. 165. 0.09 3199.
TOTAL SYSTEM hMANT 20102. 3210561. 21116. 325432. 22110. 340311.

20C9 TOTAL200

LAI-O?' CATEGORT HOURS HAfOWER C.OST HOURS MANPOWER COST Hours MANPOWER COST
EORECol 'l "AINT 18144. 74.77 264540. 29144. 74.37 2641368. 10144. 74.77 241'6.Pil l n |V m(:HT 1690. 6. 96 433240. 1600. 6.96 33248. 1689 . 6.96 24 8.

CA&L.-AC%, PA T 0. 0.00 0. 0. 0.00 0. 0.00 0.
T0TAL SITE elP.,1T 19133. 81.73 297816. 19033. 1.73 297126. 19933. 01.73 297816.
SASE LEVEL ;EFAIR 310f. 1.-A 54151. 3109. 1274. 2 48S. 3109. 1.76 7412640
DEPOT LEVEL REPAkR 162. 0.09 3344. 2. 1.29 4.13

TOTAL STSTM MAINT 23103. 353213. 32503. . 23103. 33331

2009 TOTALS

;,LAW•f Will0• "Oi MAWIOVER cost HOURS MANPOWER COST
CC;ýr[Cl:'It rA|NT 19144. 74.77 2&4'ý60. = 170. l0r1.t3 3721103.
"!• VCtTIVE 1.lNT 1608. 6.94 3324L 23s9e. 97.24 S4. S26.1AL-PAC.ý ":"T 0 0.00 i. 0. 0.00 0.|T07AL Silt r1A.14 11,833. 01.73 .197816. 278769. 1140.77 4.163330. •

kbAK LEJEL v; f-;4; 3 Cvv. 1.74 34 1Z 1. 434Z2. 24.Zll 7Z694 0..••
141101 LVVI.1 l[i | 162. C.09 3344. .2264. 3.29 4 e;0 .t•
I0 7 m . : * • . , I N 3313,• 5 3 1 1 . 3 2 4 "1 17 . : .0 4 7 0A 9 .
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UlIiItAHTVL KAIN2ICANCC HOUUS Ahl. LAISOR COSIS

199? 29114 1987 S

LAMP CATEGORY "OUtS MANI out R COs? HOURS MAN, OtU R cOSt HiOURS mANriILf ,I CoSt
COk'&CTIVE MAINT 0. 0.00 0. 0. 0.00 0. 245. 1.01 3572.
PAoE4NTIVC MAIT 0. 0.00 0. 0. 0.00 0. 19. 0.00 5900.
CALL-lACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
lOIt SITE MAIN? l. 0.00 0. 0. 0.00 0. 263. 1.09 12471.
$Alt LEVEL REt&aI 0. 0.00 0. 0. 0.00 0. 34. 0.0: 509..
DPoT LEVEL REPAIR . 0. 0.00 0. 0. 0.00 0. 2. 0.00 36.
TOTL SySTwe 1A4NT 0. 0. 0. 0. 299. 13096.

199I 0999 1990

LAiCR CATCGORY NOURS MAN•O•OER COST HOURS NAMPOIVER COST HOURS MANPOUER COST
COth[£CTVE tAINT 1728. 7.12 25191. 4411. 19.20 64324. 9288. 34.14 120911.
PRE•ENTIVE MAINT 247. 0.60 19405. 30S. 1.59 31515. 734. 3.02 45241I
CALL.I'-Rk MAIST 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 874. 7.72 44595. 4797. 19.77 95839. 9(19. 37.17 166041,
*AS( LEVEL kEFAIR 270. 0.I5 4709. 710. 0.40 12361. 1452. 0.76 23Z44.
DEPOT LEVEL kEPAIR 14. 0.01 291. 37. 0.02 743. 70. 0.04 1454.
TOTAL SYSTCM MAINlT 2159. 49595. 5543. 108963. 10441. 19103.,

1991 1292 1993

LAMOR CATEGORY HOURS hAmE OVLER 2? HOURS MANPOWER COSt HOURS MANPOIýR COST
COITECIVE MAINT 13343. 54.99 194S64. 19582. 90.69 295527. 26902. 110.41 390799.
PREVCrITIVE MA|IJT 2193. 4.92 &0552. 1712. 7.26 77470. 2422. 9.98 95743. t
CALL-YACN MAINI 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TO

T
AL SIT MAI. 14536. 59.90 .255216. 21343. 07.95 363005. 29224. 120.43 496547.

PAlE LEVEL REFAI'L 2196. 1.24 36259. 3244. 1.83 56506. 4460. 2.52 77695.
DEPOT LEVEL 83AIR 115. 0.06 2363. 169. 0.10 3490. 233. 0.13 4799.
¶01AL SYTTFm PAINT 16847. 295739. 24756. 423001. 33916. 569036.

1994 2995 1996

LA|'O CATEGORY HUS MANFOUCWR COST HOURS MANI LIER COST HOURS MANfOUER COST
COAkkfC'10EC MAIIT 35001. 144.23 510359. 44179. 107.06 644186. 54335. 223.91 792266.
rfEVr'JTIVL MAINT 3175. 13.08 115345. 4019. 26.56 236295. 49%5. 20.42 258963.CALL-AC%. r-AINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL StEC rFAIT 38176. 157.32 &25701. 43198. 198.62 780471. 59289. 244.32 950829.
bASE LEVEL RUFAIR 594S. 3.32 102629. 7400. 4.19 128903. 9123. 5.16 158922.
EPOT LEVEL R•EAIR 305. 0.2? 6289. 386. 0.22 7961. 476. 0.27 9115.

701ft ZvSIEM MAINT 44326. 733820. 539b3. 917336. 68888. 1119566.

1997 1990 1999

LAtOP CAT(GAlL HOUmS MANPOIER COST HOURS MAIL. t0R COST HOURS MANE OUER COST

COICICTIVE KAIls? 65467. 269.79 9Z4505. 77779. 310.07 11281998. 90072. 371.18 1313366.
FPE-Itg

T
IvE RAINT 5992. 24.65 182179. 7093. 17.29 206064. 8258. 34.03 232621.

CALL-PACK MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
ISITAt SITE MAINT 71447. 294.43 1136764. 84462. 34U.06 1335I52. 98330. 405.21 1545987.
PARE LEVEL REPAIR 1101S. 6.23 191884. 13042. 7.39 227200. 15205. 8.60 264870.
0OT LEVEL EWlAIR 575. 0.32 12851. 690. 0.30 14032. 793. 0.45 16350.
TOTAL STnlTC MAINT 93035. 1340499. 98195. 1576304. 114328. 1827216.

2000 2001 20n2

LAbOR CATEGORY HOUrS MAN4F OIER COST HOURS MAlLf oUt l COST HOURS MANPOUO.R COST
CORECTIC MAINT 103545. 476.70 1S09352. 11'797. 485.43 1717t.29. 132829. 547.37 1936802.
Il'CrtVTIVE MAINT 9505. 39.17 2Z9447. . 127. 44.61 287344. 12221. 50.36 316311.
CALL-PACK I AIlS? 0. 0.00 0. 0. 0.00 0. 0. 0.00 o.
TOTAL SITE MA-4T 113"50. .*6S.07 17692L2. .28624. 530.04 2004973. 145049. 597.73 2-::*13.
Pas LEVEL rEFAIf 17502. 9.90 304395. 1993". 11.20 347774. 22503. 12.73 392008. 4,-'PT LEVEL REFAIR 913. 0.52 19831. 1040. 0.59 21448. 1174. 0.66 2421!.
TOTAL SYSTEM, MAIN? 131466. 2092988. 149590. 2373695. 168726. 266933Z.

2003 2004 2005 "1

LABOR CATEGORY HOURS MANI OIERP COST HOURS KAN TOUER COST HOURS MANPOWER COST
COIkCCIIVE rAINT 148638. 412.42 2167330. 162.26. 680.CO 2409208. 182593. 752.44 2662433.
vREvINTIv-E MAllET 13689. 56.41 346348. :=231. 62.76 377456. :6945. 69.42 409634.

CALL-eACh MAIH 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 16227. 668.93 2513678. 1804Z7. 743.64 2786664. 199439. 921.86 3072067.
PASt LEVEL REPAIR 25206. 14.26 439096. 29044. 12.86 488538. 31018. 17.54 t40335.

DEPOT LEVEL AEFAIR 131t. 0.74 27119. 1463. 0.03 30173. :6:8. 0.92 33372.
TOTAL SYSTEM MAINT 188948. 2979893. 209964. 3305375. 232074. 3645774.

2006 2007 2008

LAtRR CAEGORY HOURS MANPOUER COST HOURS MANPOWER COST HOURS MANPOWER COST

CcORECTIcV rAINT 200737. 927.11 2927001. 218982. 901.98 3191260. 237026. 976.76 3456136.

rREVENTIVE MA!NT 18534. 76.37 442E82. 20222. 83.33 476130. 21910. 90.29 509378.
CALL.PACR -AINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE 9AINT 229271. 903.59 3309683. 239103. fl..37 36*7690. 259936. 1067.04 3965534.
PASE LELVL ;FP&AIf 34126. 19.30 594486. 37235. 22.06 484639. 40343. 22.82 702789.
DEPOT LEVEL ACFAIR 17t0. 1.01 36716. 1942. 1.10 40061. 2104. 1.19 43405.
TOTAL SISTEM KAINT 25577. 4001C35. 279280. 43:6396. 301383. 4711708.

"009
LAbOR CATE1OT NOURS M•A4*OUER COST
COREECYIvf NAZIT 21?,570. 2051.53 37'C733.
IVWEV[SIT2VL tAlNT 23f99. 97.24 14.1s16.

CAIL-.PAI. MAI-S? 0. 0.00 0.
IOTf.L SITE MAINT 27A7'.9. 114S."7 4'63330.
pAsl LEVEL REPAIR 43 22. :4."8 nIW940.
"PiOT LEVEL orpALR 2266. 1.28 _:50'.
TOTAL sysTML PAINT 32440?. "367419.
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SYSTEM? 10AIC-PKfAZ (180)
S UNR NATIONAL AIR St ,4ESv|scowl FMCTOF.:O~oO

NONRECURRING LOGISTIC SUFKORT COSTS

CCS. CATEWOAT 1985 1186 1987 1988 1989S cANES 0. 0. 1874982. 32218. 87Z37.
SNIFPPING 0. 0. 1273. 7&41. 7641.
Ifr,,EDTONT "OT 0. 0. 0. 0. 0.
SU,•PORT EOUIP 0. 0. 97920. 0. 0.
TRAINING 0. 0. 5100. 7250. 8700.DATA MANAOEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUA. TOTAL 0. 0. 197927?. 47109. 103978.

COST CATEGORY 1990 1991 19M2 193 1994SpARIES 42053. 68339. 31717. 31771. 7519.
SH14p1IO 7641. 7641. 7641. 6367. 6367.
INVENTORY NOT 0. 0. 0. 0. 0.
SUPPCRT EQUIP 0. 0. 0. 0. 0.
TPAININ0 7250. 2250. 8700. 5800. $000.
OfIA MANAGEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL. 56944. 83230. 480.8. 43939. 19686.

COST CATEGORY 1995 1996 19"7 118 1999
SPAAES 78780. 12293. 28236. 54241. 16340.
SHIPPING 6367. 6367. 6367. Z094. 5094.
INVENTORY MOT 0. 0. 0. 0. 0.
SUpFmtT EQUIP 0. 0. 0. 0. 0.
TRAINIti0 7250. 5S00. 1430. 4350. 5,00.
DATA MANA•E•ENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUAL. TOTAL 92397. 24460. 44053. 63685. 27242.

COST CATEOORY 2000 2001 2002 2003 2004
SPARCS 11630. 19729. 21280. 57434. 2-=35.SHIPPIllO 5094. 5094. 5094. 5094. !094.
INVCHTCRT MOT 0. 0. 0. 0. 0.
8U4FO4T LOUIP 0. 0. 0. 0. 0.
TRAI~tUPo 4350. %400. 4350. 5800. 43Z0.DATA MARAGEPEINT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
ANNUAL TOTAL "1074. 30623. 30732. 68329. 34979.

COST CATEGORY 2005 2006 2007 2000 2009 TOTAL$Pf-sES 6398. 3664. 0. 0. 0. 2511212.
SHIFPItO 5094. 5094. 0. 0. 0. 11715..A
INVENTORY MGT 0. 0. 0. 0. 0. 0.
SUFlORt EOUIP 0. 0. 0. 0. 0. 97920.
T0AINING .000. 4350. 0. 0. 0. 123300.
DATA MIAGEMENT 0. 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0. 0.ANNUAL TOTAL 17292. 13108. 0. 0. 0. 2850088.
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myS~rn: *AS1C-mKAz (160,

USEI6 NATIONAL Alf SPACE ,
DISCOUNT FACTOR:0.00

FECURRINO LOGISTIC SUPPORT COSTS

COST CATEGORT IM 1766 37 1909 5959

SPAkcz 0. 0. 173500. 276304. 237409.

ON-slit MAINT 0. 0. 12566. 3:028. 5&636. "
OfF-SiTE MAINT 0. 0. 931. 6515. 12100
IIIV[ITOkY 'OT 0. 0. 0. 0. 0.

SUPPORT CouJp 0. 0. 1. 10. 10.
TIRAIIIINO 0. 0. s50. 1235. 2105.

DATA MANAGEMENT 0. 0. 0. 0. 0.

FACILITIES 0. 0. 0. 0. 0.
S$Ti OPERATION 0. 0. 309. 2161. 4014.

ANNUAL TOTAL 0. 0. 1::137. 321253. 362202.

COST CATEGORT 1990 1991 5992 1993 1994
STARES 315605. 324036. 350102. 3Z8970. 363581.

ON-SITE MAINT 79004. 99445. 120749. 138470. 156169o
OFF-SITE nAINT 17664. 23269. 28503. 33507. 38161.

INVCNIORY nOT 0. 0. 0. 0. 0.

SU"tOkT EOUIP 27. 35. 44. 3". 58.

TRAININO 2630. 3555. 442S. 5005. 55115.

DATA hAHAOtntNT 0. 0. 0. 0. 0.

FACILITIES 0. 0. 0. 0. 0.
SItr OPERATION 5866. 7719. 95715 tills: 12658,

ANNUAL TOTAL 423096. 45008Z. 513744. 547118. 576212.

COCT CATEGORY 1995 1996 1997 5998 1999

SPAES. 3B6k77. 397.70. 401320. 406407. 4321=6.

ON-SIIE nAIDnT 173849. 191514. 209165. 223277. 237383.

Off-SITE AINT 42815. 47469. 52122. 55645. Z9568.

INOENTOkT NOT 0. 0. 0. 0. 0.
S&JOPFkT EQUIP 65. 72. 79. 94.. 90.
T3IAIUNG 6310. 6690. 7533. 8270. 68l0.

DATA M"AGEMEINT 0. 0. 0. 0. 0.

rACIL:TILS 0. 0. 0. 0. 0.

SIWE OPERATION 14202. 1.746. 17209. 18524. 19759.

ANNUAL TOTAL 625918. 659263. 668310. 712408. 759207.

COST CATE y 2000 2005 2002 2003 2004
SPFACS 437943. 442298. 465786. 472101. 47=531.

Oi*-SUIE "(AiT 251483. 265577. 279!66. 293751. 307631.
Orr-SITE mAWT 64291. 67024. 74737. 74460. 78183.
1,lCEN-PT, 1,, 0. 0. 0. 0. 0.
SuT0ky *lU:F 95. 101. 307. 112. it8.
TRASNINU 9265. 9665. 10300. 10880. 11315.
DATA MTANAGEMENT 0. 0. 0. 0. 0.

FACILITIES 0. 0. 0. 0. 0.

SITE OPERA•ION 20994. 22229. 23464. 24699. 2=934.

ANNUAL TOTAL 703092. 807005. B$OOAI. 676004. P98912.

COST CATEGORT 2005 2006 20" 2008 2009 TOTAL
SPA&ES 431900. 505333. Z05331. 505331. S05331. 9276516.

..-STE A5IIT 321907. 33-579. 335979. 33Z9'9. 3=1979. 4)96746.
OFr-,ItC MAINS 61907. S0630. 65630. 85630. 85630. 11969n2.
INVUfItORY ft3 0. 0. 0. 0. 0. 0.

tUPPORT COUp 1523. 129. 529. 129. :29. 5805.
TRWASN Sla1ts. 12330. 12330. 12330. 12330. 176265.

DATA OIANAOSIN(NT 0. 0. 0. 0. 0.

FACILITIC$ 0. 0. 0. 0. 0. 0.
SITE OPERATION 2716T. 26404. 29404. 28404. 28404. 397040.
AK•NAL TOTA. 924961. 967603. 967803. 967803. 967803. 15845364.
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i

SYCTIEII PASIC'KA. (1£00

USiRN NATIONAL AIR GMACK
DISCOUNT rACTUk:O.QO
STilts L031 I 131744.00

TOTIAL tIlt CYCLE COUi~t 14 TV-IN
COol CAIC OkT 1935 5¥O6 1407

9)uu IW %29. V?777. V371)9. 931777t. 979JNIIALLAT ION 0. 0. 5:100. 1M0600. I•OA3O.
NON/ECUAATN0 0. 0. 979275. 47I109. 0303M0.AECIPRAING 0. 0. 110137. 3217".A. 3,2 14Ž.TOTAL LOWSTIC 0. 0. 2167413. 360362. 4662g. ATOTAL PROGRAM 136216. 937773. 3130291. 1456739. £554537.

COST CATEGORY 1910 1991 1992 1993 1994£COUISITION 937778. 701462. 781482. 781402. 781482.INSTALLATION IZO6O0. IZO0600 , M 60 0.O 12= 00. 12' 00.00.NON•CCURRINO 56944. 03230. 48058. 43938. 19686.
RECURRING *423094. 4SUOI.B. S13744. Z47118. 576212.
TOTAL LOAISTIC 400940. 145208. 161800. 12100. 229500.

TOTAL F'KGkR• M468419. 1473370. 1493093. 149803/ý. 1502100.

COST CATEGORY 1995 £996 £997 1998 £999

ACOUTSITION 781482. 62S185. 625105. 625180. 6285.1SINCIALLATION 125Z00. 125500. 125500. 100400. 100400.NONRECURRING 92397. 24460. 44053. 6-.U. -7242.
RECURRINO 625918. 659269. 68A319. 712408. 750807.107AL LOGIPTIC 718315. 683720. 732371. 776093. 78.449.
TOTAL PADOkAO 1625296. 1414413. 2483057. 1501670. 1511034.

COT CATEGORY 2000 2002 2002 2003 2004
ACQUISITION 625105. 6252835. 62'5185. 625285., 625285.INSTALLATION 100400. 100400. 100400. 100400. 100400.

NOUPECtkLAitO 21074. 30623. 30732. 68378. 349V9.
RECURRING, 703092. 307009. 950061. 876004. 89eV12.
TOTAL LOO!STIC 304166. 837708. 880792. 944331. 933891.TOTAL AkORkAK 1529751. 1563293. 1606378. 1669917. 1659476.

COST CATEGORY 2005 2006 2007 2008 2009 TOTAL
ACOIJISITION 0. 0. 0. 0. 0. 14379259.INSTALLATIOIN 100400. 100400. 0. 0. 0. 1309200.NOMRECURZNO 17292. 13108. 0. 0. 0. 2050088.924901. 967003. 967803. 967803. 967003. 1;845366.'OTAL LOGISTIC 942273. 980910. 947003. 96/803. 967003. 10695450.TOTAL FA00R99 1042673. 1091310. 96/003. 967n03. 967803. 35383916.

CUMULATIVE LIFE CYCLE COGST TY YEA&

COST CATEGORY 95 1986to 1987 1988 1989
AEOUISITION 156296. 1094074. Z031:052. 2969630. 3907400.
INSTALLAtIONI 0. 0. .l:00. 175700. 326?00.
HCdkECURKLINO 0. 0. 1979: 20263S4. 2120262.
RECURkA2,O 0. 0. 180: . 509390. j71672.
TOTAL LOGIITIC 0. 0. 2167413. 2535?74. 3001934.TOTAL PROGRAM I£6216. 1094074. 4224343. 568104. 7235642.

COST CATECORy 1990 1991 1992 1993 1994ACOUISITION 4345186. 562666. 6400249. 7109631. 7971112.
INSTALLAIION 476900. 627500. 770200. 903600. 1029100.
NONRECURA&N0 2187205. 2270435. 2310492. 2362430. 2392117.RECUAUINO 1294768. 1752827. 2766.70, 201.638. 3309v00.TOTAL LOGISTIC 3431973. 4023261. 4.8'01.3. 5176128. 5772016.
TOTAL IAOGOAM 880402?.. 10277429. 1171 . 1326930. 14772230.

COST CATEGORY 1995 1996 1997 1990 1799ACOTSIT2ON 4752594. 9377779. 10002964. 10620149. 11253334.
INSTALLATION 1154660. 1280100. 1405600. 1506000. 1606400.
NO8&CCULRIttO 2474514. 2496974. 2:430:7. 2606722. 2633954.RECURRING 4015817. 4675085. 5363403. 607,011. 6834019.TOTAL LOGISTIC 6490331. 7174058. 7904430. 0602521. 9467972.
TOTAL FFOORAn 16397527. 17031940. 19314990. 2081667. 22327712.

COST CATEGORY 2000 2001 :002 2003 2004ACoTJSITION 118/8519. 12U03704. 131:!M9. 13)54074. 14379299.
INSTALLA;ION 1706800. 1007200. 1907600. 2009000. 2108400.
NONFECUARING 265528. 2635650. 2716302. 2704710. ?819689.PECUk;ING 7617110. 8474196. 92742*7. 0250:.61. ::0-9173.

MIAL LOGISTIC 10272138. 111098-6. 21990638. 12934969. 1386C860.
TOTAL PFOGRAM 23857464. 25420753. 27027136. 26697054. 30356532.

COST CATEGORY 2005 2006 2007 2008 2009
ACOUIS2TIG1 14377.*-. 14379259. 14379259. 14379259 14379259.INTALLATION 2208900. 2309200, 2309200. 2309200. 2209'00wNONECURRINO 2336980. 2850038. 2850048. 2980053. 28MM088.
&.CUSLAItic 11974154. 12941957. 13909760. 14877563. 18453664.TOTAL LOGISTIC 14811133. £5742043. 16759046. 27727640. 1869,450.TOTAL PROGRAM 31399204. 32430514. 33448316. 34416120. 35383924.
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STS'(I1 TTFE: bASIC $1 (800)

A..UAL MAINTENANCL HOURS AND LA&OR COSTS

195 1986 1997

LAPOR CAT&ROOT HOURS HAMMPEUR COSt HOURS 1W4'OULR COST HOURS MANPOWER COST
CORRECTIVE flAIRh 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
fPRERETIVE MAINT 0. 0.00 0. 0. 0.00 0. U. 0.00 5.
CALL-bCK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
OTALk SIT hAIwT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
MI9 LEVEL RVtAIR 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
ilPOT LEVEL REPAIR 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

101AL. &YSTIT E AINT 0. 0. 0. 0. 0. 0.

19ve 198? 1990

LAPCR CATEGORY HOURS 1•NPOUER COST HOURS HANFOUER COST HOUr'S MANPOWER COST
COk$[CTIVE IAINT 5344. 22-10 76230. 10567. 43.Z4 154074. 15743. 64.87 229=52.
PKEVNTIIVE MAINT 14?. 0.60 10773. 294. 1.21 12913. 440. 1.81 150S4.
CALL-FACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE IMAINT 511. 22.71 60902. 10860. 44.75 166987. 16183., 66.69 244606.
PASE LEVEL REPAIR 1033. 0.58 17992. 2066. 1.17 3S984. 3098. 1.7Z 53975.

Dr;OT LEVEL REFAIR S4. 0.03 1113. 108. 0.06 2225. 362. 0.09 1338.

TOTAL STlEM MAINT 6597. 309087. 13034. 205196. 19444. 301919.

1991 1992 1993

LAVR0 CATCGORY HOURS MANPOUWE LOST NI'UAS HANPOWER COST HOURS MANPOWER COST
COkECTIVC HAIRT 20261. 83.49 295429., 254136 104.74 370594. "'416. 104.74 370594.
PRCV'EIIIIVE AINT 569. 2.34 16927. 716. 2.95 19067. 716. 2.95 19067.
CALL-'ACK SAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE SAINT 20830. 8..P4 312356. 26139., 107.68 3.9661. 26131. 107.68 389661.
VASE LEVEL REPAIR 4002. 2.26 69716. 5035., 2.85 87710. 5035. 2.85 87710.

DEPOT LEVEL REPAIR 209. 0.12 4312. 263. 0.15 5424. 263. 0.15 5424.
TOTAL SYST7M SAINI 25041. 386385. 31429. 492795. 31429. 492795.

1994 1995 1996

LAI-OR CATEGORY HOURS M.ANPOWER COST HOURS JIANPOUER COST HOURS MANPOWER COST
COPRECTIVE SAINT 25416. 10A.74 370594. 2:416. 104.74 370594. 2-5416. 104.74 370594.'
IREVEIITIVE MAINT 7'S. 2.95 19067. 716 2.95 19061. 716. 2.95 19067.

CALL-DACK SA1I4T 0. 0.00 0. 0. 0.00 0. 0. 0.00 C.
TOTAL SITE SAINT 26131. 107.66 389661. 26131. 107.68 389661. 26131. 107.68 389661.
AST LEVEL REFAIR 5035. 2.85 06710. 5035. 2.85 87710. 5035. 2.85 87710.

DEPOT LEVEL REPAIR 263. 0.15 $424., 263. 0.13 5424. 263. 0.35 5424.
TOTAL SYSTEM SAINT 31429. 492795. 31429. 402795. 31429. 482795.

1997 1998 1799 |.

LAPOR CATEGORY HOURS MANPOWER COST HOURS MANPOWER COST HOURS I4ANrOEh COST
COPRECTIVE MIANT 25416. 104.74 370594. 35708. 147.15 520663. 4S994. 169.49 670'04.
OFVLtJTIVE SAINT 716. 2.95 19067. 1009. 4.16 23348. 1303. 5.37 27629.

CALL-tACK IAUNT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE SAINT 2&131. 107.40 369661. 36717. £53.31 544011. 47280. 394.88 698133.
BASE LEVLL REPAIR 503s.' 2.85 87710. 7101. 4.02 123693. 9166. 5.18 1Z9677.,
.-CLOT LEVEL RETAIR 263. 0.15 5424. 371. 21 7620. 479 0.27 9075.

TOTAL SYSTEM MAINT 31429. 442795. 44180., 6753,54. 56932. 867686. -

2000 200 2002

LABOR CATEGORY I-OURS MANPOUER COST HOURS P•4POI -R " HOURS "ANPOUER COST

CORRECTIVL SAINT 56250. 231.80 820191. 66t08. 174.07 .9766. 76760. 316.32 11192S3.

P&CVCNtIVE AAINT 3596. 6.!8 31910. 1%a0. 31191. 2184. 9.00 40472.

CALL-'ACK SAINT 0. 0.00 0. 0. t, 0. 0. 0.00 0.

TOTAL SITE fAINT Z7046, 238.38 052101. 68398. 281. 10059S7. 78943. 325.32 1159772.

FASE LEVEL RAEFIF 11232. 6.3! 195661. 13297. 7.• 231644., 5343. 8.69 267628.

DEPOT LEVEL REPAIR 587. 0.33 12101. 694. 0.39 14326., 802. 0.45 16'52.

TOTAL SYSTE" SAINT 69665. 1059263. 82390. 1251927. 95109. 1443904,-

2003 2004 2005

LAIOR CATEGORY HOURS SAI4FOQER COST HOURS MANPOWER COST HOURS MANPOUWR COST

CORRECTIVE 5' NT 9764/,, 261.18 1278006. 98530. 406.03 1436694. 310049. 453..0 1604659.
PREVEITIVE r -. T 2496., 30.28 4S021. 2800. 11.57 49570. 2130. 12.93 54386.

CALL-MCI. MAI 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MA, 90143. 371.47 1323027. 101330. 417.60 140664., 113107. 466.43 1659044.
3.65 LEVEL rE;tAI 17553. 9.93 305260. 19773. 11.17 344093. 2"076. 12.49 284574.
DEPOT LEVEL gS!Allt 911, 0.52 10916. 1032. 0.59 21201, 1"'3. 0.Az 237b4.
TOTAL SYSTEM SAINT 108618. 1647803. 122122. 1851637. 136417. 2067403,

2006 2007 2008

LAWOR CATECGORY HOURS SAMPOUR COST HOURS MANPOWER COST HOUrS MANP)6ER COST

CORRECTIVE rAIIIT 120925. 498.32 17632' . 12092. 498.32 1763244. 220925. 490.32 1746244.

PrEVENIIVE MAINT 3450. 14.22 '.6934. 7450. 11.22 38934. J450. 14.22 50934.

CALL-PACP SAINT 0. 0.c0 0. 3. 0.00 0. 0. 0.00 0.

TOTAL SITE AAINT 12437S. 512.54 1822179. 124375. 512.54 1822179. 124375. 512.54 1822179.
bASE LEVCL *EPAIR 24271. 13.73 422007. 24271. 13.73 422807. 24271. 13.73 422007.

DFOT LEVEL RESAIR 1Wf. 0.72 26349. 1268. 0.72 26149. 1269. 0.72 26149.

TOTAL SYSTEM SAINT 149914, 22711.4. 149914. 2271134. 149914. 2271134.

2009 TOTALS

LAFOR CATEOlRY HOURS RANPOUER COST HOURS MAI'POWER COST

PFR V•tll', MAINT 34.0. 14.22 18934. 35966. 148.21 714333.

CAtL-b*Ct MAINT 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 1243/,. 512.Z4 182,79, 1301332. 5363.46 19167872.

R:A LEL- RtPAIR 24271. 13.73 .JP17., 253039. 143.32 4407985.

&ItOT LEVEL REFAIR 1269. 0.72 26149., 13215. 7.47 272614.

TOTAL SYSTEM RtLINT 14"914. 2271134. 1567786. 23048470.
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SySTEM TTFFP:PASIC It £120)

CUMULATI'El MAINIENAULL HOUkS nNI) 18,0k COSTS

1995 91906 1997

LAIkU ChIPGORY HOURS MANPOUER COST HOURS MANIOWLA COST HOURS NARP0U|R COST

COSILECTIVf MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

P•EVINTIVC MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

CALL-tACK tAINt 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE M•RAIN 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

PA:. LEVEL REPAlR 0. 0.00 0. 0. 9.00 0. 0. 0.00 0.
DPOT LEVEL 0.0A0R 0* 0O00 0. 0. O0. 0. 0. 0.00 0.
TOTAL STSTEM MINT 0. 0. 0. 0. 0. o.

1955 1989 1990

LAbOR CATEGORY HOURS MALNPOUFR COST HOURS IIAHPOICR COST HOUrS MANPOUCK COST
CC•1ECTIVE HA4It? 5364. 22.20 73210. 15930. 6,.65 232214. 31673. 130.12 461036.
PRtvEHTIVC SlAIN? 147. 0.60 10773. 440. 1.01 3686. 081. 3.63 3673'.

CALL-PACK hAItN 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL Silk MAINT S511. 22.71 88932. 16371. 67.46 2Z5969. 3254. 134.1i, 500575.

SASS LtVEL RLFAItf 1033. 0.48 17992. 3098. 1.75 53973. 6197. 3. 1 107951.

MEPOT LEVEL REPAIR 54. 0.03 1113. 162. 0.09 3338. 324. 0.10 o676.

TOTAL SYSTEM MAINT 6597. 10087. 19631. 313203. 39075. 615202.

1991 2992 1993

LAIOR CATEGORY HOURS MANPOWIER COST HOURS MANPOW(R COST HOURS NANPOUCC COST

COkkCCT7IVE AINT 51934. 214.01 757265. 773:0. 318.n7 1127059. 102766. 423.49 1498452.

PPEVIETIVE MAIMT 1450. 5.97 5566. 2165. 8.92 74733. 2882. 11.87 V3000.
CALL-VACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 53334. 219.99 322931. 7931Z. 327.67 1202592. 105647. 435.36 159:2:2.
ASC LEVEL REFAIR 10299. 5.77 177669. 15234. 8.62 265379. 20269. 11.46 353089.

DEPOT LEVEL REPAIR 533. 0.30 10988. 796. 0.45 16412. 1059. 0.60 21937.

TOTAL SYSTEM MAINT 64116. 1001.89. 95545. 1484393. 126974. 1967178.

1994 1995 1996 '4

LAPCR CATEGONY HOUR$ 59A1FO 360 CO6T Hours MANPOUFR COST HOURS MANFOWER COST

CrkPECTIVE MAfNT 120181. 528.2 1069046. 153S97. 631.96 2239639. 179013., 737.69 2610233.
PPVVNIVE MAINT 3597. 14.82 112867. 4312. 17.77 131934. 5028. 20.72 151001.

CALL-PAC• MAIN? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAIN? 131730. 543.04 19819123 157909. 650.73 2371574. 184041. 758. 2761424.

bASE LrVEL REPAIR 25304. 14.31 440798. 30339. 12.16 :2950U. 35374. 20 ' 61621U.

VE$OT LEVE ,EPAIR 13.2. 0.75 27261. IsS53 0.90 32686. 1847. 1.0 38110.

TOTAL $YST~h MA|HT 15840z. 2449973. 189833. 2932768. 221262. 3415563.

9,97 1998 1999

LA&OA CATEGORY HOURS MANHFOUCR COST HOURS MANPCUER COST HOURS MANFOUER COST

CGrIECTIV(E hINT 204429. 342.43 2990826. 240136. 98V..7 3501409. 286120. 1179.07 4171993.

PREVENTIVE MAINT 5744. 23.&7 170048. 6753. 27.113 193416. 8056. 23.20 221045.

CAIL-I.APr MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE HA•IT 210172. 366.09 3150895. 246889. 1012.40 3694906. 294176. 1222.26 4393029.
PASC LEVEL REP'AIR 40409. 22.86 703928. 47509. 26.10 827622. 56676. 32.06 987299.

DEPOT LEVEL PRFAIR 2110. 1.19 43535. 2401. 1.40 51-85. 2960. 1.67 61060.

TOTAL SYSTEM MAINT 252691. 3898350. 294880. 4573712. 353812. 5441398.

2000 2002 2002

LAPOR CATEGORY HOURp MANPOWER COST HOURS HANIIJULk COST HOURS IIRF0RC COST

CO"PECTIVE MAINT 342570. 1410.07 4992185. 408891. 1604.V4 5961950. 485633. :001.2Z 7081203.

PkEV(NTTJE nAINT 9452. 39.738 252956. 11542. 41.56 289147. 13726. 56.56 3:9619.

CALL-PACK MTIAT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

TOTAL SITE MAINT 3520'2. 1450.64 5245141. 420470. 1732.50 6251093. 499363. 2057.02 7410e23.

PASE LE'VEL RAETIR 67907. 33.41 2262959. 8120". 45.93 1414603. 96568. 54.62 1682232.

1FOT LEVEL RE'AIR 3547. 2.01 73161. 4241. 2.40 98487. 5063. 2.85 104038.

TOTAL SYSTEM MAINT 423476. 6501260. 505866. 7753197. 600975. 9197091.

2003 2004 2005

LAfOR CATEGORY HOUrs HAMNOWER COST HOURS3 IANFOWER COST HOURS MANAOWER COST I
CORRECTIVE MAIT 573285. 2362.44 8359209. 67191". 2760.47 9795903. 781865. 3221.97 1140056Z.

PREVENTIVE nAINT 16221. 66.35 374440. 19029. 70.42 424210. 22167. 91.35 478596.

CALL-PACK MAIN? 0. 0.00 0. 0. 0.00 C. 0. 0.00 0.

TOTAL SITE MAINT 89506. 2429.28 8733849. 690044. 2846.68 10220113. 864031, 3313.32 11879157,

PASS LEVEL REFAIR 114126. 64.55 1988091. 133878. 75.72 2332184. 1MI95.. 88.21 2716756.

DCPOT LEVEL REPAIR 5960. 3.37 122954. 6992. 3.9S 144235. 8145. 4.61 168019.

TOTO SYSTEM MAINT 709592. 10844394. 031714. 12696I531. 968e31. 14763*34.

20C6 2.007 2000 I
LAbOR CATEGORY HOURS MNA4POWER COST HOUrS MANIOWER COST HOURS MANFOUR COST

CORRECTIVE MAINT 902790. 3720.29 3193306. 1023715. 4210.61 14927050. 1244641. 4726.93 1669029.

PREVETIVC EP;-;T 25617. 105.56 537530. 29066. 119.70 596464. 32216. 134.00 6=5399.

CALL PAC0 MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.01, 0.
TOTAL SITE MAIN? 928407. 3825-C1 13701336. 102782. 4338.39 15523315. 1172157. 4850.92 17345694.
PASS LEVi!L 4(5928 :30226. 102.94 3139545. 204147. 115.67 3562372. 228768. 129.39 3985178.

DEPOT LE1VL 6154k1 ý413. 5.32 194168. 10630. 6.04 220316. 11948. 6.76 246465.

TOTAL SYSTEM MAINT 1118041. 17034•04. 1267959. 19306202. .4178373. 21577336.

2009
CAORR CAIVEMIY HOURS MANSIWER COST

CO•CTV[ A~lT 1724566. :215.35 20453538.

PEVEi,•2VE lAiNT 3566* 140.22 714333.
CALL-•bARK MANIO 0. 0.00 0.
TOIAL ',Tr MAINT 1301232. 5363.46 19167872.
SATE LEVtl. 8Cf55k 253029. 143.12 440795..

24f90 LV(4L REPAIR 23215. 7.47 272414.
TOTAL SSTEtM1 MINT 1567786. 23843470.
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SYCTEMn tt.$IC is (1o0)
USEkR NATIONAL AAk SPACE
DISCOUNT FACTOk;.00

NOKRECURAING LOQZSIIC SUPPORT Cou0S

COlT CAttOORY 193s 3936 1937 I9t5 sPA
SHIPPING 0. 0. 0. 7203.225. 4n.S)4ZPPIUO 0. 0. 0. 3424F. (4249.
INVEHIONT NOT 0. 0. 0. 37200. 0.
SUPPORT EQUIP 0. 0. 0. 37 920. 0.
TRAININO 0. 0. 0. 3730410.DATA MIANAOGEENT 0. 0. 0. 300. 34100.

0. 0. 0. 7860000. OFACILITIES 0. 0. 0. O0.O
ANNU0AL TOTAL 0. 0 0. 15248143. 397007.

COST CATCOORT 1990 1991 1992 1993 1994IPA~t<l 6441;. 299903. 96643. 19 0,S"I;p:N0 944 .• 4 8 4643. 0 . 0 .

DIA T ORA A O T A . 0 . 0- . . 0.
SUfORT EU. I 0. 0. 0. 0.
TRAINING 0. 0. 0. 0. 4 1
DATA MANAGEMENT 000 . 2 0 . 2 O. 2 0 00

FACIL ITIES 0 . 0 . 9. 8. 1 .

AINVNL TOTAL $1ST. 0. 4 . 0.

SU P1T O P036 . 042 . 0..0
DATA ANAG1427902 . 0. 0. .

COST CATEGORY Im 19%A 2997 98$9

SPACES 0. 0. 0. it" 999 .

ANNO. 408 0. 06 28499. 2849?.
INVENTORY HOT 0. 0. 0. *O$•PFO~RT EQUIP 0. 0. 0.OO
TRAININS 0. . 0. 680. 640.
DATA PAHAOEhENT 0. 0. 0.0.O
FACILITIES O 0. 0. 0. 0.

0', .T T l . 0. 0. 443716. 472817.

COST tCnpY 2000 2006 2002 2008 200T
SA 360373. 307841. 377109. 322. 199870.SHIPPI, 28499. 02849. 20499. 30280. 30200.
IMVCNTORY MOT 0. 0. 0.0,0
SUFFOPT CQUIP 0. 0.O*O 0.
PT^RAWKNEN T 66000. &4450. "•000. 66900. 71100.
FACILIIIES 0. . . O*0. 0.

AHUTTL4541474. 400890. 47i688, 491909. 3012'.2.

COST CATEGOP¥ 2003 2006 2007 0020 OASrAkfS 031304. ZT3995, 20 0, 200 TOTAL34SHIPPING 32061. 30260. 0. 0. 0. 130234.9INVENIC0kY MT 0. 0. 0. 0. 0. 334859.SUPPORT EQlUIP OO.0. 0. 0. 379200.
TRAININIG 732.0. 69900. ,0.0. 97 9260.
VATA MANAGEMENT 0. 0. 0. 0. 0. 7786000.
FACILITIES 0. 0. . 0. 0. 7600.ANNUfL TOTAL. t366151. 0.37 0. 0. O*0.0•4
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SYSTEMn :ASTC 22 (2110
UmSER NATIONAL AIR SPACE

CCOURFACT CIOR:0.00

RECUR&:f.0 LO0ISTIC SUPPOkT COSTS

CCT CA1EOOkY 3915 1916 2987 1988 lvn9

SPARES 1. 0. 0. 79:070. 84233.

ON-SiTE MAINT 0. 0. 0. 9869. 1860.

OFF-SITE "hiTm 0. 0 0 3027.. 60549.
:NVElNT0&9 r.GT 0. 0, 0: 4650. 46t0,

supr18 EQOUIP 0. 0. 0. 124. 248.
T&AININO 0. 0. O. 3555. 89675

DATA MAHOI•IENT 0. 0. 0. 93400. 93100.

FACILITIES 0. 0. 0. 78000. 78000.

SITE OPERATION 0. 0. 0. 22360. 44"23.

ANNUAL TOTAL 0. 0. 0. 1127310. 1320625.

COST CATCOORY 1,90 1992 1992 1993 1994

SPARES 099379. 941488. 990337. 998337. 990337.

ON-SITE rAINT 274265. 350665. 437056. 4370'6, 43PI,'6.

0FF-SITE MAINT 90824. 127315. 147589. 147589. 147U89.

INVENTORY MOT 46t0. 4650. 4650. 4650. 4650.

SUFPORT COUIP 372. 480. 604. 604. 604.

TOAININO 10115. 13130. 28320. 16320. 16320.

DATA MIA0AGEMENT 93600. 93600. 93600. t3600. -3600.

FACTLITICS 70000. 78000. 78000. 70300*. 7e003.

SITE OFEI.ATION 47080. 06645. 109005. 109005. 109005.

ANNUAL TOTAL 1528325. 1685973. 1885962. 1685962. :88S962.

COST CATEGORY 1995 1996 1997 1990 1999

SPAFES 998337. 998337. 990337. 112615'. 1486746.

ON-SITE KAINT 437054. 437856. 437086. 611980. 781,075.

OFr-SITE MA1ITY 147b89. 147581. 1475a9. 208139. 2621686.

INVEtTo&y MOT 4650. 4640. 4650. 4680. 46S0.

SUPlOkT EQUIP 604. 604. 604. 852. 1200.

TRAINING 16320. 16320. 16320. 23140. 29595.

DATA MANACGLEMT 93600. 93600. 93600. 93600. 93600.

FACILITIES 78000. 78000. 78000. 70000. 70000.

ITE OPL.ATION 109005. 10900'. 10900t. 152725. 19844t.

ANNUAL TOTAL 2825962. 1885962. 1885962. 2300239. 7946/00.

5551 CATEGO&Y 2000 2001 2002 2003 2004

SPARE% 1671763. 1790240. 1968637. 2350994. 24!,?734.

O-I-sTE ARINT 95961S. 2233244. 206704. 1491075. 261',340.

OF*-SITE mAINT 329738. 389787. 45033". 514671. 57V00T.

INVEC•T0R sT 4680. 4640. 4650. 46L0. 41.0.

SUPFPOT L0*|P 134b. 1596. 1044. 708. 2371.

TRAINNGO 36195. 42650. 49F20. t6140. 6320.

DATA MANADEMENT 93400. 93600. 93600. 93400. 93600.

FACILITIES 73000. 7M000. 700•0. 70000. 70000.

SITE OFCRATION 243165. 207005. 33240t. 380220. 4276&7.

ANNUAL TOTAL 3417-7Z. 3921652. 4285700. 4971378. S3/680°

COST CATEGORY 200t 2006 "007 2008 2009 TOTAL

SPARES 2650371. 2790747. 2790747. 2790747. 2790,47. 13:!32.

ON-SITE RAINT 2870365. 2054548. '0S4100. 20t4500. 20',4'08.

0ff-SI|T 1A|NT 647123. 7114t7. 7114"Y. 7114'?. 711457. 741231j.

INVENTOAY WIT 4650. 4450. 44-0. 46!0. 4650. 102300.

SUPFORT CQUIP :,.0. 2914. 7914. 7914. 2914. 30377.

1FAIN|II0 70Z75. 77465. //465. 77465. 77465. 812330.

DATA MANACEh[KT V3600. 93600. 93600. 93600. 93600. 2059200.

fAC!I7TIES 78000. 78000. 70000. 70000. 70000. 1716000.

SITE OPERATION 47?945. t25460. 525460. 52t460. 52t460. S478200.

ANNUAL TOTAL SgiZ279. 4338800. 6330500. 6325800. 6338800. 75338336.
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SSEM! PAIZOit(I
USEk: NA|IMItIAL AIR SPACE
I ISCOUNT FACIOW:9.00

SYSTEM CO•T 0 53500.00
TOTALi Lucr C4L COstS I*- YEAR

CUS CAlIOW'T 195 11946 list IT "910 19l
AVIUM1111" O, 441WU", 4415058, 441',0.0, .1 oi.%

ItSTALLAI I N 0. 0. 0. 0aI"'Ok. oI OO.
NONRECURRtINd 0. 0. 0. 15240145. jV390'."ACCURltNO 0: 0. 0. 1127310. I3t06.:
TOTAL LOGISTIC 0. 0. 0. 163754t. 171,633.

TOTAL FROORAM 0. 4415058. 44M50.8. 22973714. 7664009.

COST CATCOORY 1990 199t lV2 1993 1994
ACQUISITION 4415058. 0. 0. 0. 0.
INSTALLATION 2083200. 1322000. 2083200. 0. 0.
mOIIR CUR& NO 1 0545. 342121. 142792. 0. 0.
RCCURTNOY 1995325, 16859i3. I85962. 1M962. 1889962.
TOTAL LOGISTIC 1628891. 2020095. 2028755. 1085962. 1885962.
TOTAL PROGRAM 1127149. 385OU95. 4111,55. 188,962. 1005962.

COST CATEGORY 1995 1996 1997 1999 1999"

ACOUISITIOM 0. 8830116. 8830116. 8830116. 8840116.
INSTALLATION 0. 0. 0. 4-66400. 4166400.
NOIRcCURANG 0. 0. 0. 443716. 472817.
AECUrRIIIG 1885962. 1885962. 1885962. 2300239. 2946700.
TOTAL LOGISTIC 1895962. 1885962. 1885962. 2743955. 3419516.
TOTAL PROGRAM 1685962. 10716078. 10716078. 15740471. 16416032.

COST CATEGORY 2000 2001 2002 2003 2004

ACQUISITION 6830116. 9381998. 9301v98. 9933881. 9301998.
INSTALLATION 4166400. 4166400. 4166400. 4426800. 4426000.

N1ECUK 1140 454!74 400890. 471688. 491908. 3012S2.
ACCUR9IMO 3841772l2. 4285708. 4971370. 5376S85,
TOTAL LOGISTIC 3472449. 422542. 4757395. 5463216. 5677837.
TOIAL *OI. AM 16860966. 17770940. 18305794. 19C23968. 19486636.

COST CATEGORY 2005 2006 2007 2008 2009 TOTAL
ACOUVISTIOt 0. 0. 0. 0. 0. 103753864.
INSTALLAIiON 4607200. 4426800. 0. 0. 0. 48955200.
NOIJ•ILCURRIIIG 936615. 693175. 0. 0. 0. 20907562.
PECUkRIll 5895279. 6338800. . 6338000. 6330000. 6338800. 75338320.
TOTAL LUGISI,. 6831874. 7031975. 633U04. 6338800. 6330800. 96245380.

IOTAL PROGRAM 11519094. 11 ';8775. 6338800. 6338 000 6338800. 248954960.

CUMULATIVE LIFE CTCLE COSTS NY YCAf

COST CATEOTLY 1985 1986 1907 1988 1980
ACOUISITIOII 0. 441505. 080301,16. 13241,174. 17108350.
INSTALLATION 0. 0. 0. 2083200. 4166400.
NONkECUIRIHG 0. 0. 0. 15240045. 1,5445152.
RECURRVIG 0. 0. C, 1127310. 2447936.
TOTAL LO5111 0, 0. 0. 16375455. 18093088.
TOTAL P^,ORAM 0. 4415058. 0830116. 31103030. 39367836.

COST CATEGORY 19Y0 1991 1992 1993 1994
ACQUISITION 21t23408. 21523408. 21',23403. 21523400. 21523408.
INSTALLATION 6249600. 0072400. 101L5600. 01SA00. 1015S600.
NONRECUR9INO 15755717. 160978398. 1624063). 16240630. 16240630.
RECURRING 3966261. 5652235. 7538197. 94241ý9. 113,012'.
TOTAL LOGITIC 19721970. 21750072. 23778824. 25664708. 27553750,
TOTAL PROGRAM 47494988. 51345084. 55457840. 57343804. 59229768.

COST CATCOORY :995 1996 1997 1990 1999
ACOUIS1TIOt| 21523408. 30353524. 39183640. 48013756. 56843972. 'INSTALLATION 10155600. 10155600. 10155600. 14322000. 18488400.

kONRECUrIRI% 16240630. 16240630. 162406. . 16684344. 17157162.
RECURRING 13196083. 15082045. 16960008. 39268248. 22214748.
TOTAL LOGISTIC 29436712. 31322674. 33208636. 35952592. 393,2108.
TOTAL PROGRAM 61115732. 71831008. 025478a8. 98288360. 114704400.

I.

CoST CATEGORY 2000 2001 20.)2 2003 2004
ACQUISITION 6Z673988. 7505598'. 84437984. 94371864. 103753864.
INSTALLATION 22654800. 26821200. 30787600. 35414400. 39841200.
NOIIRTCLR1INO 17612076. 18012926. 11404414. !8976!22. 19277774.

RECURPING 25632!22. 29454174. 33739800. :d711256. 44087e40. I
TOTAL LOOSTIC 43244556. 47467096. 52224492. 57687776. 13345612.
TOTAL FAOGRAM 131573368. 149344304. 167450096. 197474064. .t960704.

COST CAT0GOY 2005 2006 2007 2003 2009
ACOUISITIO'l 103752864. 1O37";30A4. 103753064. 10375.864. 103753864.
INSTALLATIOi 44528400. 40955200. 46955200. 41095200. 48955200.
NON~rcuRRING 20214388. 20907562. 20V07562. 20907562. 2)907562.
RECURRINIO 49983120. 56321920. ,26607f0. . 68999520. 75338320.
TOTAL LOG111C 70197504. 77229400. 83568280. 89907080. 9624%880.
TOTAL PRCGTAM 218479792. 229938560. 236277360. 242626160. 2489549&0.
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sTsiRI TYPES EXrAmi.To float

ANuUAL rAITNAumcr itouks A•t• tAI.OR COSTS

1985 1906 1907

LAIC* CATEGO&V HOURS KPANOOUCR COST HOURS MA2•4 OUCk COST HOURS MAHPOUfR COST
CC&6ECT:Vt RAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0."C•EVtT:V RAI-IT O. 0.00 0. 0. 0.00 0. O. O.O0 0.
CALL*RACA RAINY 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE rAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
8AZE LEVEL A;AIkR 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
&4.•;T LEVEL REPAIR 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SYSTEM MAINI 0. 0. 0. 0. 0. 0.

1988 1909 1990

LAPOR CATEGORY HOURS MANPOUER COST HOURS IfAPOVICR COST HOURS MA dFO't0R COST
COkPCCT|VE MAINT 301. ts:.17 51,80: 6Z23. 26.88 985| 100 3: 41.4 486

PIEUELNT WE hAtIT 32. 0.36 2344. 422. 1.74 '4780. 422. 1.76 1478.
CALL-SACK RAIT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITC HAINT 3173. 54.ss 263650. 6609. 24.56 20613. 10310. 92.44 253964.
6ASE LEVEL PEPA(R 6330. 0.37 11316. 1169. 0.64 20368. 2988. 1.03 31604.

D[FOT LEVEL REPAIR 34. 0.02 700. 61. 0.03 1260. 95. 0.09 3960.
TOTAL SYSTEM MlAINT 4457. 24433. 79410. 327760. 12224. 1920P.

9119 1992 1993

LAIOR CATEGORY HOURS MANOUER COST HOURS MAPOWCR COST HOURS MANPOWER, COST
CORRECTIVE nAINT 14869. 67.03 976308 . 16379. 67.S0 238027. 16379. 67.150 238827.
PPEVENTIVE RAINIT 330. 1.36 13448. 422. t.74 "4706. 422. 1.74 14786.
CALL-IACK RAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE lAINT 13690. 64.39 201073. 16801. 69.24 2A3613. 16801. 69.24 2Z3613.
9ASE LEVEL REFAIR 2338. 1.32 40737. 2900. 2.69 Z2053. 2988. 1.69 52053.
SEPOT LEVEL REPAIR 126. 0.07 2520. 1%6. 0.09 32:9. 156. 0.09 3219.
TOTAL SYSTEM HAIT 15945. 2443340 . 9945. 30088S. 19945. 308885.

2994 1998 2996

LACOR CATEGORY HOURS HARPOUER COST HOURS hANFONcR COST HOURS MANPOUWR COSTICOrPCTIVE M.AINT 16379. 67.50 238827. 16379. 67.50 238027. 16379. 67.10 238927.
FFEVENTIVE MAI'HT 422. 1.74 14786. 4 22. 1.74 14706. 567. 1.74 169.
CALL-?tACI. MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 26801. 69.24 253613. 16807. 69.24 2S3613. 16801. 69.24 323613.
WASE LEVEL REPAIR 2988. 2.69 S2053. 2308. 1.69 560*3. 2999. 1.69 7:023.

IEPOT LEVEL REPAIR 154. 0.09 3219. 186. 0.09 3279. 106. 0.09 3219.
TOTAL SYSTEM MAlT 19945. 308805. 29940. 300805. 19945. 308885.

1117 1998 19#9

LACR CATEOOy HOURS KANFOUER COST HOURS MANPOWCR COSt HOURS MANFOUCR COST
Cort CTIVE M•.INT 16379. 67.10 338327. 79124. 79.01. 279723. 21985. 90.20 340474.
FPt.TVIt E M(AIN4T 42. 1.74 14786. 491. 2.04 1U967. 79. Z 34 16997.
CALL-*,lU A ItT 0 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE RAINT 16801, 61.24 2.3713. 19,79. 82.10 6 924120. 31164. 92.94 43:08.
PASE LEVLL REFAIR 4988. 2.69 72053. 3506. 1.907 518. 4027. 3.18 70132S.
D1IOT LEVEL REPAIR IZ4. 0.09 3289. 183. 0.10 3174. 292. 0.12 4369.
TOTAL SYSTEMI MAINT 19943 . 304938. 23270. 314963. 36702. 431990.

2000 2001 2002

LA|,OR CATEGORY HOURS AINPOUCER COST HOURS MANFO1Ik COST HOURS HANFOUIE. COST
CO'rLCTI.,E RAINT 24731. 102.14 341393. 36663. 113.A 4021983. 40370. 165.46 442948.
FPk-'CEN.T' RAINT 042. 2.65 17997. 796. 23.9 19027. 789. 3.23 201Z7.
CALL-IACt. PAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TU.1A SITE MAIHT 3.427. 104.78 379390. 37618. 116.61 457123. 34167. 129.44 463096.
IASE LEVEL REFAIR 4647. 2.57 79110. Z067. 3.07 11263. 70C6. 3.16 9731o.
DEIOT LEVEL REPAIR 231. 0.13 4699. 353. 0.12 S479. 293. 0.17 6019.
TOTAL SYSTEA MAINT 40212. 463499, 33429. 514972. 37048. 766420.

2003 2004 2008

11CR CATEGORY HOURS MANPOIWER COST HOURS RANPOLFR COST HOURS MANPOWE.' COST
COCRECTIVE AIT 33172. 136.70 483693. 36663. 171.09 534398. 40313. 165.46 63347d.
RCEVENTIVE AhlnT 012. 3.6s 21208. 113. 3.93 22541. 1046. 4.31 23883.
CALL-IACr RAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE MAINT 14034 . 140.25 504900. 4718. 184.02 671,13. 41199. 169.78 609361.
IIASE LEVEL REFAIR 6806. 1.45 106360. 6706. 3.86 117684. 7400. 4.59 129000.
DEPOT LEVEL REPAIR 319. 0.14 6579. 3a3. 0.20 7279. 347. 0.22 7978.
TOTAL SYSTEM MAINT 40460. 617847. 4472&. 602106. 48993. 746339.

2009 200T 2008

LA!Cr' CATEGORY HOURS MANP'OUER COST HOURS MANFOUER COST HOURS tAhF OLCR COST
COSkfCTIVE PAINT 43641. 179.84 636337. 43641. 179.84 636337. 43641. 179.04 636337.
PREVENTIVE (A1tlT 113e. 4.69 2S221. 1138. 4.69 3271. 1138. 4.69 251LI.
CELL-tt-Cr.I•TI4T 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE lAINT 44770. 114.53 6442511. 44778. 104. 65940. 444844.Z3
*t3E LEVEL REPAIR 6055. 4.56 140312. Bolls. 4.Z6 180316. COSS. 4.54 140314.
D'EPOT LEVEL ;CPAIR 421. 0.24 867C. 471. 0.24 1679. 4ý1. 0.24 8678.
TOTAL SrSTEn MAINT !3234. 810M42. 628269. 90019942.

2009 TOTALS

LWQf" CATCCfOAY HOURS MANHPOWER COST HOURS MANPOt.ER COST
trf>tI:-Jc "AINT 43644. 179,.04 63431.7. S391:65. 22'4.7.' 7871904.
IfE'VE"T71•L "AlIt 1138. 4.69 25221. "4001. 5. 3940S7.
CALL'E.LcK M.mt 0. 0.00 0. 0. 0.0f, 0.
TOTAL SITE "ht1ll 4477U. 1e.-.! 6.151,3. Zt66, :-r e, S76940.
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* ~SSI1tE WiE: EXPANDED1 2910)

CU"6.ATIVC MAINTENANCE MOURS AND LA.kO COSTS

1955 1986 1987

LAHOk CEAI0ry HOmAS MAI•OUEQ COST HOURS MAW#UER COST HOURS KAHPOUWI COST
COwcCT:*VE 12I6T 0. 0.00 0. 0. 4.00 0. 0. 0.00 0.Pkt.cYNTIVc 16:1 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.

* CALL4AZK MAtNI 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE P.1026? 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
WE L9'4L 119AIk 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
DEPOT LEVEL Atipf.t 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
OTA.. SYSTEM MAINT 0. 0. 0. 0. 0.

196e 1909 1990

LA.6R ChTECORT HORS RAMPOVER COST HOURS MnFO 1k COST HOURS MANPOUWE COST
CORRECTWVE AS-IT 3681. 12.17 53680. 10204. 42.05 148791. 202S7. 63.48 29S378.
PEVENIT:IE "AINT 92. 0.38 9970. 257. 1.06 21010. S14. 2.12 33368.
CALL-1'ACK IIllT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE IMIAT 3773. IS.5 63650. 10461. 43.11 169801. 20771. 65.60 326765.
SASE LEVEL REPAIR 450. 0.37 11316. 1819. 1.03 31684. 3628. 2.04 63368.

KPOT LCVEL &FPAIR 34. 0.02 700. 95. 0.05 1960. 190. 0.11 3919.
TOTAL STSTtI MAN1Il 4457. 71665. 12375. 20344t. 24599. 396053.

1991 1992 1993

L&P0* CATC0orY HOur'S AHIPOIUJk COST HOUrS RAN OUER COST HOURS MANOWER•CR Co0T
CckRECTIVE r13INT 33122. 136..1 483007. 49504. 204.00 721834. 65083. 271,.0 960661.
FPLVENTIVE 'AZINT 344. 3.46 44136. 1236. 5.22 61622. 16W. 6.96 76400.
CALL-tACI MA't1T 0. 0.00 0. C. 0.00 0. 0. 0.00 1.

101TL. SIIC ni.:HT 33969. 139.98 529843. S0770. 209.22 703456. 67"71. 278.45 1037069.ISAS LEVEL REPAIR $9f76. 3.38 204105. 89&4. t.07 1t61za. 119S2. 6.76 208210.

[POT Lt•CL REP~lk 312. 0.18 6439. 469. 0.26 96%6. 624. r.35 12877.
TOTAL SYSTEM 1•A6N1 40251. .40337. 60203. 949272. 50148. 12SR157.

1994 1995 1996

W.8OR CATEGORY HOURS MANpOUCq COST HOUkS MANPCLVER COST HOURS KANTFOUC COST

COR&ECTIVE MIANT 82262. 332.99 1199407. 90641. 40S.49 1430314. 115020. 473.90 1677141.
PREVENTIVE •AINT 2110. 8.70 91194. 2,32. 10.44 105900. 2954. 12.17 120766.
CALL-PACK IAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.TO:AL SITE RAI• T 66;73.." 347.69 1290682. 101174. 416.92 1544294. 11797S. 404.16 1797907.
PASt LEVEL TEtPAI 14940. 8.45 260263. 17928. 20.14 312316. 20916. 11.83 364348.
bEOT LE7EL KPAIR 780. 0.44 16097. 936. 0.53 19316. 1092. 0.62 22536.
TOTAL SYSTEM nAINT 100093. 1567041. 220038. 1875926. 139984. 2164821.

1997 1990 1999

t.6zk CATOScI 4ouLý R ANTF / 2Ek COST HOURS MAN1I6 .4R COST H"URS RANFUILk COST
CORpcCTIVE .A2pT 131399. 541.48 191Z967. 250683. 620.23 2175669. 172$68. 711.13 2516263."PREVENTIVE MA2NT 3376. 13.91 13,552. 3072. 12.96 151409. 4441. 10.30 16833S.CALL-SACK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAl. SITE HAltT 1234776. Z55.39 2051519. 124422. 636.49 2347096, 177009. 729.43 26845V9.
SASE LEVEL SEP9618 23904. 13.52 416421. 27412. 12.50 47722A. 31440. 27.78 547604.
K(P0T LEVEL REPAIR 1249. 0.71 2572. 2432. 4.81 29534. 1642. 0.93 33873.
TOTAL STITEM MAINT 159929. 2493695. 183299. 26541.0. 210091. 3266186.

2000 2001 2002

LASOR ATEGORY HOURS MANF0WURA Cos, HOURS MANI (IUEI. COSt HOURS "ANPOWCA COST

CORRECTIVE MAPIT 1973,3. 813.27 2077657. 2:747.1. 926.91 3279439. 225313. 1052.13 3722707.FREVEITIVE nAIIT 5003. 20.95 106332. 5799. 23.90 202399. 6888. 27.15 25Z236.
CALL-ICK MAINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL ^ITE tA*T 202436. 634.21 3063985. 230734. 950.01 3405233. 261901. 1079.26 394el-'.
&ASE LEVEL REfAIR 35967. 20.325 26894. 41023. 23.22 712207. 46640. 26.38 81247J.
DEPOT LE-EL NEVAS2 .800. 1.06 30772. 2144. 1.21 44231. 2436. 1.38 502S0.TOTAL SYSTEM nA.NT 240302. 37296SS. 273932. 4244626. 310977. 4811047.

2003 21004 2005

LAbOR CATEGORY HOURS MANPOWER COST HOURS 4IAOUER COST HOURS M&NPOUEF9 COSTCORRECCTIVE MAINT .18S486. 1198.31 4206400. 325149. 1339.90 4741078. 36S302. 11505-36 3326S56.
PTCUENTIVE nAImT 741.0. 30.70 246744. 9404. 34.63 2692e?. 945.0. 38.94 293172.
CML•-ACh MAIIST 0. 0.00 0. 0. 0.00 0. 0- 0.00 0.
TOTA1 S2T1 nAINT -"95936. 1219.52 44S3.24. 333S53. 1374.03 Z010367. 174752. 1544.31 5619728.PASE LEVEL REPAIR 52746. 229.83 91fl841. 59101. 33.&Z 103,61S25. 66907. 37.84 1165S25.
W(POT LEVEL AtFalk 27'-*. 1."•. 56829. 3108. 1.76 64107. 34?5. 1.99 72086.
TOTAL SYSTEMI P•AINT 351436. Z428894. 396162. 6110999. 442133. 6857339.

2006 2007 2008

LAPOR CATEGORY HOURS MAPOWER COST HOURS ~ANOER COST HOURS eR4POWEk COST
COAKRCTIVE Ml2Tt.? 406942. 1635.20 96."8993. 45283. 1066.04 6.99229. 496224. 2044.88 7235S67.

NTIV[E MANY! 10*56. 43.63 318394. 11726. 48.32 343615. 12263. 53.01 366836.
ClLL-,CkA r AINT 0. 0.00 0. 0. 0.00 0. 0. 0.00 0.
TOTAL SITE nRlAT 419530. 1728.23 6281266. 464309. 1923.36 6942044. 509067. 2097.89 7604402.'SASE LEVEL FfPhIk 74961. 42.40 130*.042. 93016. 41.95 1446157. 91071. S1.11 12.9647.2.VEF0T LEVEL (PFAIR 3915. 2.21 80764. 4336. 2.45 89443. 47.7. 2.69 98221.

TOTAL SISTER MAlWi1 493407. 7667891. 51661. 6478442. 604915. 9286994.

2009
L6V•,0 CATCOO01Y HOUP•S PA"Pouck COST
Ccjl$FCTIVE "A&TT $98o 2:224.7?2 "J71Y04.

C;IL-•.-C T 0. 0.00 0.

TOATL SITC ,:.T? Z258.6. 2282.41 5265960.
1A£.E LEVEL Rtt•1 99126. "t.07 1726789.
btfOT LEVEL &LP;iP Z.77. 2-93 104799.
TOTNL SYSTEL rLAINT 65V.69. 1(0*9946.
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USCER ItA& tONAL AI1 SPACE
p2tCOU1 FACI 0.0* MOMCUWN.GIJ O LCGSOTIC SUPPORT COSTS

cog? Ciooft 1935 198i 1987 198f 199
WAKS 0. 0. 0. 672073v9 63423.

0I. 0. 0 902. o.209:
IWJC?•IOl "a? 0. 0. 0. 37200. 0.
SU C1T Cu2 0. 0. 0. 9"920. 0.
T&AIaic:O 0. 0. 0. 2.400. 17400.
DATA 07 m[ mJ0 0. 0. 0. 7340000. 0.

FACILITIES 0. 0. 0. 0. 0.
A CKSAL TO1&90 0. 0. O. 10401"70. 93032.

COST C&TCOURIY 1990 1,$ I992 1193 9994
to-Arts 340296. 39458. 5076f. O. O.
SHU•PINI4 9011.• 72M.$ toll. 0. 0.
IWIENTGAI r NT 0: t' 00O*O
• UPfO&T COUIP 0. t;. 00. 0. 00.

T/&IIIO239to0. 1740;•. 21M".. 0. 0.

DATA K0AZEMENT 0. 0. 0. 0. 0.
FACILITIES 0. 0. 0. 0. 0.
&ImU&L TOTAL. 373237. 64047. 01520. 0. 0.

COST CATEGORY 2000 1996 1"?2 2009 2004
SP&RC8 7. :. 0. 293274. 32e71.
"1412PIN0 GO. 7209O.7. 7209. 7-09.
INNCHTOAY KOT 0. 0. 0. 0. 0.
SUPF o0T ECUIP 0. 0. 0. 0. 0.
IPASNINO 0. 0. 9 . 17400. 28150.2.DATA hAhOIM4NT 0. 0. 0. 0. 0.rACILIT:EC 0. 0. 0. 0. 0.
A.I4IUA2. TOTAL 7. 1. 0. 297361. 114236.

*COST CATEGORY 2000 2001 2007 2003 2004 Oa

LS20c. 60177. 3303. 7 0.8494 0 69. 3770.
S'IIHO 720909. 97209. 0.)1. 20. 0. 17
INIVCNTORV nGT 0. 0. 0. 0 0.
swvr1kt cOulP 0. 0. 0. 0. 0.
TAI&NiO 174..00. 170. 0.7400. 2170.
DATA N4uAOCNI( 4T 0. 0. 0. 0. 0.
I'SCMLITMS 0. 0. 0. 0. O.
ANd~ICIU/L TOTAL 12726. 77917. 2•0. 94317. "8478.

SCjS- CATESOkRT :00*5 2006 2007 2008 21M9 TOTAL.

:• F S f&:t 107S,42, 22009"3.OO.O 103,4024%:

ItSfVEflTOR~ T ADO. 0. 0. 0. 0. Moo0.SSUPT orG COU!P 0. 0. O 0: Mo92.
• I&AINInII s"+0 2175*.0: GO* o.: 0 2799r.*+,.

;•FACILITIES 0. 0. 0. 0. 0. 0.

Aift TOTAL 139053. 2Z1344. 0. 0. 0. 1172696.
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SISTEn: £APtNe4t (ISO)

II8 MAhbIItftA *8SPACE
pISCOueT FACTORIo.00 IFtIMCGORCt%,~kIjO L0D:ST:C SUPP•OM COSTS f

COst CAIEGIAT 19M 1986 1947 9ls0 IV39
8148(3 a. 0. 0. Is*s84. 97073.
08421 IM 0-T. 0. 0. 70336. 129196.

0FF-$ItE AI N? 0. 0. 0. 29929. 35O"1.

4NVENTOAT #401 0. 0. 0. 4650. 4.50.

0. 0. 0. 91. 165.
Tk0l. . 0. 2Z40. 42s0.
D6 A MNAEMNT 0. 0. 0. 93600. 93;OO.

FACILITIM 0. 0. 0. 70000. 78000.
SITE OPERATION 0. 0. 0. 14835. 26703. -+

ANNUAtL tal. 0. 0. 0. 1136864. 11?937. a

COSt CATCEOOY 1n0 1991 1992 1993 1994
PVAkES 92"66. 967032. 1012763. 1022762. 1012'763.
O0N-517 K1*1T 177685. 225147. 284368. 284348. 204368.
0rF-Slt 11*8NT S5799. 71741. 91669. 91649. 91669.
INVIENTRY o1t0 4650. 4650. 4640. 46.10. 46e0.
,UtFOAT EQUIP 26:. 3229. 420. 420. 420.

1&LA22H30 6675. 3415. 10590. 1r91o. 105,90.
DATA nla•AOEEMt• 93600. 93600. 93600. 93600. 93&00.
fACILItI(S 78000. 78000. 78C00. 78000. 78000.
£111" OCE"• ION 41538. 53406. 68241. 61241. *8241.
ANNUAL TOTAL 1383748. 1502371. 1644302. 1644302. 1644302.•A
COST CATEGORY 1995 1996 5997 1998 1999
SPARS 1012763. 1012763. 1012763. 1033564. 1060214.
0ffSI TE -l1T 28434. 2S4368. :84363. 331682. 378754.
OFF-SITE RAINT 91669. 91669. 91669. 107612. 123554.
INVENToRY frGT 4650. 46?,0. 465.0. 46Z0. 4650.
SUJPPOT EUIP 42-10. 420. 420. 494. S67.
I&AININO 10590. 10590. 10590. 12330. 14145.
DATA N•EIAOEkrNT 93600. 93600. 93600. 93600. 93600.
FACILITIES 73000. 79000. 78000. 78000. 79000.
SIte 0ttTiION 63241. 63241. 48241. 80109. 91977.
ANNUAL TOTAL 1644302. 1644302. 1644302. 1742040. 1653a61.

COST CAIECTGY 2000 2001 :002 2003 2004
EPARES 1094334. 1133841. 1176433. 1215575. 1245621.
ON-SITE HAINT 426191. 473400. 520"04. U7,649. 626677.
crr-SzIr rAINT 139497. 155439. 171382. 107324. 207252.
INVCIITO•T M•O 4610. 4&50. 465. 4650. 460 .
SUPPORT EQUIP 640. 713. 706. 0.9. 950.
IRAiVING 1Mew5. 17625". 1905. 21325. 23500.
VATh nWIAnAENC 93600. 93600. 93600. 93600. 93600.
FACILITIES 78000. 78000. 78000. 70400. 70000.
SITE OPEh.TIION 103814. 116713. 12751. 129449. 154284.
ANNUAL TOTAl. 291.6692. 2072981. 21

9
26

0
1c 730CL.30. 24340.3.

COST CATEGORY 2005 2006 2007 20.00 2009 TOTAL
SPAR•ES 1406386. 2449142. 1449242. 1449142. 1449142. 24890570.
OGt-S:TE SAINT 61. 744443. 744463. 744463. 744463. 92S46229.
orr-stic M"INT 227181. 247109. 247209. 247109. 247109. 3041032.
INVEIITOLT m1aT 4650. 465 0. 465. 440. 4650. 102300.
SUPPOT (EQUIP 2042. 1133. 1233. 1133. 1133. 13946.

l&1th~s.3 25750. 27925. 279251. 27925. 27925. 3472.9s.
DATA r9ANAOE4C.NI 9600. 93600. 93600. 93600. 93600. 2059.
FACILITIES 78000. 7000000. 79000. 71000. 1716000.
SITE OPCCRATIOM 169119. 18395.4. 13S54. 18394. 1933954. 2263821.
ANNUAL TOTAL 2691306. 2329976. 2929976. 2V29976. 2829976. 437-20420.

K3
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SYSTEM EXPANDED~ £100)
MOSCR: WATIeT AIR SpACt

SISCOUT rACIOR:0.oo

TOTAL LIFE CYCLE COSTS 11 T•,.NS~~~Cult CAJI£GGI Ives IV U6 1 U YI r l
ACtUI6l AICGi 0 30s3.16 3IIfl 19i19
£6CfluIIIaac 0. sosijOg. 244tl•j. Jul:j.u. ' 1*|NSIAL.LATun 

0. 
0. O A5%UOOO. 10ht4,.

NNftdR~I*kN 
0.0. 

0. 36760270.stCUl~kNft1 
0. 0. O* nne&6. 3?sv¶:.,TOTAL tOoflsTj 0. 0. 0. 1719736. 13;~

T OTAL FROGRAM 
0. 176 97134. 135:3* ,9 ,bus.IROR~n0. 3057328. 2445863 292~. 510062'..

COST CATOGOky 1990 1991 1992 
1994

A M;UISITION 30Z7329, . 0. 0. 0
INSITALLATION 1636000. 1310400. 1631000. 0. 0.

NONkCCUARINO 
373217. 64067. 81530. 

0. 0.
Ac•Ci• GINS C 1502371. 1644102. 1644302. 1644302.

TOTAL LOGISTIC 1757026. 1566438. 1725332. 1644302. 1644302.4TOTAL 1900*611 445354. 2176636. 3363832. 1644302. 1644302.

COST CATEGORY 1195 1996 299? 1990 1999
ACOUISfTIC2 0. 2445863. 2449863. 2445043. 2445863.JNSnTcuAzLM 00 24s03 24533. 383.NSTALLtl Otl 0. 0. 0. 13310400. 1310400.

SR £CU&*:K(, 0.43 • 0. 21.7351. 118238.
R-&N144302. 

1644302. 1644JOZ. 2742040. 1853661.TOTAL LOGISTIC 1644302. 1644302. 1644302. 1999401. 197I8V9.IOTAL P*OGRAAN 1644302. 4090165. 4090165. 5755664. 57201 2.COST CATEGORy 2000 2001 2002 2003 20o04ACOUIST TION 2445863. 2445163. 3097320. 30573n0. 3057•20.
INJTALLATION 1310400. 1310400. 1310400. 1310400. 1638000.
N0WCECURAIN 92786. 77917. 2Z5303. 94317o .9478.
REClURINO 1956692. 20729":. 229:601, 2300:30. 241.53:.
TOTAL LOGISTIC 2049478. 2150898. 2447904. 240:47. 07030.33TOTAL PROGA01 5005741. 590731. 6815633. 733&LI63 &770576. 7199341.

• ~~~~~COST CATEGORY 1•005"0620•2• 
20 O

S•~~~AOUISMTOH 
0. 0.0*0 

. 3Q¢ .INSTALLATION 163e000. 1636000. 0. 0. . 20311o0.
rOH`PECUNkRINO 339053. '51344. .0. O. !8721,0.StECU&RAIw 2'91308. 2829976. 7829976. 20Ž"y99. 9 437:0z9a.TOTAL LOGISTIC 230361. . 2y976. 129976. 49447037.

TOA •O/5 4468341. 4719321. 2829976. 2029V;16. 2829976. 120469426.

SCU"MLATIVE 
t.|rC CYCLE COSTS Iy yrAp

COST CATEGORY 1991 1994 19•8 199A C O U I S I T 0 N 0 . . 2 40 63 7 3 2 8. 1 4 0 63 / 9 . 0e s / 2 . 1 o0 3 .
•,IfSTLLT|N 

0. 3197.

INSTALLAT2G££ 3037j 39680 . S.1090o 753dooý2. IlS ,380o.

0: NKCu m 7). 183 000. 294-400.
RCC• ri 0* 0: 0. 167(1 .606. •91

&ECUTJIIUO 3 / 60. 
1683.69 4 3 .3 5Ž 9 4 0 1,33G. .

TOTAL LOfISTZC . 2 . 0o. 25430 4. 23619z.
TOTAL P OGR AM 0. 3 0Z73444. 458 9 192494946 ,

~ 2 S• 3 9 . 00 " •6% 4 . 3 3 20 4276 .

COST CATEGORY 1990 3997 3998 1999ACOUISITION 14063712 . 14063715. 3 9 3 140 13 00. 24 7199 .
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1. GENERAL DESCRIPTION

ARINC Research Corporation's Life Cycle Cost Model (LCCM) and Facilities

Maintenance Cost Model (FMCM) have been adapted to evaluate the economic impact

of implementing ground-based Microwave Landing Systems (MLS) given a specific

implementation strategy. Six different concepts are evaluated in the current

ARINC Research cost study. These six systems include the Small Community MLS

(SCMLS), SCMLS with back azimuth, the Basic MLS, Basic MLS with back azimuth,

the Redundant Basic MLS, and tVe Expanded Basic MLS.

The model itself is an expected value model which has been programmed

in Fortran IV+ for evaluations using a Digital Equipment Corporation PDP-11/34

minicomputer. The model computes the expected acquisition, installation, and

logistic support costs annually and cumulatively for each system concept

included in the implementation strategy. The program is designed for flexi-

bility so that data changes can be readily implemented, sensitivity analyses

performed, or additional data outputs obtained.

2. PROGRAM FEATURES

The MLS LCCM implementation consists of a common main program, called

FACLTY, and eighteen subroutines, each designed to perform a specific function

D- 3
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within the model. The routines and their functions are:

(1) ACQCOS - Calculates the cost of acquisition of the MLS ground

equipment by year and cumulative.

(2) INSCOS - Calculates the cost of installing the ground equipment

by year and cumulative.

(3) LOGCOS - Calls each (.f the nine routines listed below in order

to determine the total nonrecurring (investment), recurring (operation

and maintenance), and total logistic support costs of the MLS implementa-

tion strategy by year and cumulative.

(a) SPARES - Determines the number and cost of spares required each

year based on the expected number of equipment failures in that year.

(b) ONSITE - Determines the cost of on-site repair and preventive main-

tenance actions based on the expected demand for such actions.

(c) OPSITE - Determines the cost of off-site repair, including materials,

labor, and shipping, on the basis of expected demand.

(d) INVENT - Determines the cost associated with introducing and

maintaining new coded supply items in inventory and the management

cost of maintaining a supply inventory for all coded items stocked at

the base and depot levels of repair.

(e) SPTEQP - Determines the cost of purchasing and operating any special

equipment sets unique to the system currently under evaluation on

the basis of the expected demand for such equipment.

(f) PERSON - Determines th- cost of specialized maintenance tra-.ning

required to meet expected corrective maintenance (C4) and preventive

maintenance (PM) demands and the cost of additional specialized

training required as a result of personnel turnover.
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(g) DATMGT - Determines the cost of preparing baso and depot. Level

technical documentation as well as the cost of keeping that documen-

tation c:,rrent.

(h) OPFAC- Determines the cost of operating the base and depot repair

facilities.

(i) SYSOP - Determines the cost of operating the ground-based systems.

(4) CUMTOT - Determines the annual and cumulative total equipment costs.

(5) PRTWUT - Prints in table form the expected annual and cumulative labor

hours required to maintain each system type evaluated, the number of personnel

required to meet that demand, and the cost of those personnel.

(6) DSCONT - Discount constant dollar figures according to guidelines

set forth by the FAA.

(7) TABLES - Prints in table form the results of all the above com-

putations.

(8) DATSAV - Accumulates and stores results of individual system

evaluation for output at end of program. t

(9) UNDSAV - Restores accumulated values to original arrays for output

at end of program via the subroutine TABLES.

Seven input data files were used in exercising the ground-nased MLS

LCCM; one file for each system containing data unique to the system under L
evaluation, and one user file called PEPFAC tailored to the associated re-

pair facilities. The system and user file names are specified at the

beginning of the program's exercise from the teletype terminal keyboard, as

are the discount rate and the base year to be used for discounting purposes.

The program then opens the designated files and reads them to obtain the

specific data parameters used in the evaluation.
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The specific outputs of the model, as dictated by the TABLES module,

are:

(1) The total acquisition cost of the MIS ground equipment by year and

cumulative per the given implementation strate4:y.

(2) The total installation cost of the MLS ground equipment by year and

cumiulative.

(3) The total nonrecurring logistic support cost of the MLS ground

equipment by year.

(4) The total recurring logistic support cost of the MIS ground equip-

-unt by year.

•: The tota-L lagistic support cost (nonrecurring plus recurring) of

ti•s 4LS jto'ý;id - y --. ,m by year and cumulative.

(6) The tot . .-vst of the MLS ground equipment by year and cumulative.

(7) The detailed cost element breaý,downs of the nonrecurring, recurring,

and total logistic support costs of the MLS ground equipment by year.

3. MODEL FORMULATION

The following describes the mathematical formulation of the ground-based

MLS LCCM which has been implemented into the program FACLTY. The model

computes on an annual and cumulative basis the acquisition, installation,

and logistic support costs and their totals for a given implementation

schedule of the six MLS concepts in the time period 1985-2009.

The parameter definitions used ir the model are presented after each set

of equations as well as in Appendix C.

Ii
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3.1 Acquisition Costs (ACVCOS)

The acquisition costs are determined by the number of MIS ground systems

purchased each year and the average unit cost of the systenms during the year i-,

(reflecting learning curves and amortization costs, if applied). The acquisi-

tion costs for year i are given by:

ACOSi). (GSYS.FucOs.)

where: 1

GSYS. = NNGS. + NRGS.

FUCOS. = (UCOS + AMCCS; (I.-bDIST); i< 2 A

= (UCOS)(l+DIST); i>2

The cumulative acquisition cost is simply:

TCOA =l E ACOS.

Variables are:

GSYS. =no. of specified ground systems purchased in year i = program

internal

NNGS = no. of ground systems of specified type to be installed in new

sites in year i

NRGS. = no. of ground systems of specified type to be installed in
1

retrofit sites in year i

FUCOS = average system cost in year*

UCOS = OEM unit cost of full system

AMCOS = amortization cost

DIST = percentage markup by distributor on full system

D-7



3.2 Installation Costs (INSCOS)

The installation cost in the i'th year is determined by the number of MLS

units installed in new ground sites or retrofit into existing sites that year i

multiplied by the appropriate per unit installation rate. The resultant

installation cost equation is given by:

ICOSi = [(NRGSi)(RICOS)+(NNGSi)(INCOS)]

The cumulative installation cost is given by:

i 
i

TCOSI. = ICOS.

v-riables are:

NRGS. = no. of ground systems of specified type to be installed in retrofit

sites in year 1

RICOS = retrofit installation cost per system l

NNGS. = no. of ground systems of srecified type to be installed in

new sites in year i

INCOS = new in~stallation cost per systcm

3.3 LOgistic Support Costs (LOGCOS)

The logistic support cost of the system(s) under evaluation is composed

of the sum of nine cost elements, each having a nonrec'-rring (investrient) and

recurring (operation and maintenance) cost component. These nine cost elements,

in order of evaluation are:

1) Spares

2) System maintenance at the system site

3) System repair at the base and depot levels

4) Inventory entry and supply management 2
I 5) Special support equipment

6) Training of repair personnel
D-8



7) Data management and technical documentation

8) Operation of repair facilities

9) Operation of system sites

Hence, the logistic support cost in the i'th year is given by:

9
T.LCOSi = E [NRCOSi. + RLCOSi.j],

j=l
with NPCOSi.j representing the nonrecurring costs and RLCOSi . representing

Lip)

the recurring costs. Similarly, the cumulativc nonrecurring, recurring, and total

logistic support costs for year i are given by:
i

TCOSNi Z TNRCOS
j=l

i
TCOSR. =Z TRLCOS.

Sj=l

where:
9

TNRCOS = RCOS
O k=l jk

TLCOS E RLCOS
J - j,ki k=l

The following paragraphs present the methodology for determining the

individual cost elements and their components.

3.3.1 Initial and Replacement Spares (SPARES)

This cost element consists of the expenses associated with the procure-

ment of the spares inventory. The nonrecurring component is the expenditure

in the i'th year to purchase the spares required to satisfy the expected

demand with a given level of spares sufficiency. In determining the non-

recurring costs, assumptions which should be iioted are:

(1) A minimum of one spare of each type of the principal .%,nles, or

LRUs, and sub-modules, or SRUs, is assumed for each base.
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(2) A minimumn of one spare of each type, LRU anid -R11 is .assumtod for

each depot.

The recurring spares cost represents the cost of purchasjing additional

spares to replace those lost to the logistic system through condemnation and

attrition.

The nonrecurring component is given by:

NLRU NSRL~j
NRCOS ~ E [(!rSPRS. )(LUCOS.: + £ NSSPRSijk(sucosj)

ill j-1 i'j k=1l ~ ~ ~

where, for nonrepairable LR~s:

NLSPRS 1 =' {II4T['NOB i)(YDUM+Sr3F(2)j7UM)I + INT[(N0Di)(ZDtJM+SUF(2)iZ-DUM)]

+ INT(TDUM)+INT(SDIJl)+INT(RDUM))(ISPR.- NSPRL.

YDLJM = (TFOH.) (FBLRU) (BSOBL)/((NOB.i) (LMTBF.)

ZDUM -(TFOH.) (PBLRU) (BSODL)/((NOD.) (U4TBF.)

1~b =. (TO (BR)(SL/M

TDtiM = (TFOH. (FBLRU) (OSBL) /LMTBF.

RflUl4= (TFOH )(ROP)/LMTBF.

and-

FBLRU -BIT + (1-BIT) (RTSS)

TFOH. (AFHR)(NS)

NS. = GSYS. I
where, for repairable LRUS:

NLFSPRS =' [a[NENBi)YU + SUF(2 rYD-UM)]. (MINB)(NOB .)/LCOML.]

+{MaxrjINTL (NOD.i) (ZDUM + SUF(2) rZD-U1) ],(MINB) (NOD )/LCOML II}'(ISPR)

-NSPRL.
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YDUM - (TFOH )(FBLRU)(RTS )(BMT)/[((NOB )(LMTBF.)]

ZDUM - (TFOH ) (FBLRU) (-RIS ) (DMT)/[(NOD. '(Lt4TBF.

where, for nonrepairable SRX~s:

NSSPRS s'{INTU(NOB.)(XDTJM + SUF(3) FSDUM)1

ijk+ INT[(NOD .)(XDUM+SUF(3) .fYD-UM)]

+ INT(WDUM)+INT(TDUM)+INT(SDUM)1(ISPRB ) - NSPRB k

Sj,kjk

WDUI4 = (TFOH.)(FrBLRU) (1RS )(OSD)/SMTBF.

SDUM = (TFOH.)(FBROP)/SM-TS ODF/M
2. j~k

where, for repairable SRUs:

NSSPRSij {fNax[INT[(NOB HXDUM + SUF(3)4-D1J-M)1,

(XMINB)(NOB )/LCOMS ](NOSR!J )

+Max[INTE(NOD .)(YDUM + SUF(3),Y-DUM)],

Sj,k j,k j,k j,k

and:

XDUM = (TFOH.)[(FELRU) (RTS. ( RTSB jk) (BI4T) 1[(NOB i)(SMTBF k

YOUM = (TFOH )[(FBLRU)i(RTS )(1RTSB~k +(l-RTS )](DMT)]/

SMTB~jjkk
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The recurring component is given by: 1
NLRU NSRUj

RLCOS. [(RLSPRS. .)(LUCOS.)(l+U4KUP) + . (RSSPRS
R 1Ci'1 j- k=l J'k

(SUCOSj,k) (l+SMKUP)]

whe re:

RLSPRS j = INT[(TFOHi) (COND.)/LMTBF ](ISPRj)

RSSPRSjk = INT[(TFOHi)(CONDBj k) (NOSRUj ,k)/SMTBFj ,k ](ISPRBj)

Variables are:

NOBi = no. of bases in year i

NOD. = no. of depots in year i

SUF(2) = LRU spares sufficiency factor

NSPRL. = no. LRU. spares purchased prior to year i = program internal

BSOBL =base LRU stocking objective

BSODL = depot LRU stocking objective

OSBL - average LRU order/ship time, base

OSDL = average LRU order/ship time, depot

R0P = requirements objectives period

ISPR. - spare flag for LRU.

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

RTSS = fraction of failures isolated to LRU level at base without using BITE

AFHR = average annual syst-m operating hours

NS. = no. of systems in operation in year i = program internal

GSYS. = number of systems purchased in year i = program internal

NLRU no. of LRUs in system

I LUCOS. = unit cost of jth LRU
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NSRU - no. of SRU types in j'th LRU

SUOS j,k - unit cost of kth SRU in j'th LRU

MINB - minimum no. of each type LRU spare

LCOMJ. = number of system types to which LRU. is common

RTS. = fraction of LRU. failures isolated to SRU at base 15

BMT = base turnaround time

LMTBF. = mean time between failures of j'th IRU

DMT = depot turnaround time

SUF(3) = SRU spares sufficiency factor
ISPBj,k = spare flag for SRUj,k

BSOB = base SRU stocking objective

SMTBFk = mean time between failures of SRUj
j~k j,k

BSOD = depot SRU stocking objective

OSB = average SRU order/ship time, base

OSD = average SRU order/ship time, depot

XMINB = minimum no. of each type SRU spares

LCOMS = no. of LRUs to which SRU. is common
j fal j ,k

COND. = fraction of LRU. failures lost to condemnation

CONDBj~ fraction of SRUj failures l.os-- to condemnation

NOSRU = no. of like SRUs of type K in LRU.j,k = d

IMKUP = distributor's markup on LRUs

S~ SMKUP = distributor's markup on SRUs

5"I
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3.3.2 On-Site Maintenance (ONSITE)

This cost element represents the expected expenditures in performing

maintenance at the ground system sites. This element contains only a

recurring cost component, i.e., NRCOS.,2 = 0, and represents the costs 4
associated with remove and r-r'lace actions, repair actions taking place at

the site, preventive maintenance actions, and travel to and from the system

site for CM and PM. The cost is determined as follows:

RLCOS MCOST. + PMCOST. + CBCOSTi + CTRAV. + PTRAV.i,2 1 3. 2. I

where:

COSi i)(SLSCATPMJ

PMCOSTi = (PMHR. (SLNscATI/PMJ + (NFC) (CPFC)CBCOST i = (CBHSi)(OTSL NSCAT)/PMJ

CHPER. = [((CMHFS)/((PMJ) (PRODJ)) ] (MINJP)

PMPERi = f(PMiHRSi)/((Pt.¶J) (PRODJ)) ](MINJP)

CBPER. = [(CBHRSi)/((PMJ) (PRODJ))]
3

PTRAV. = (2) Z [(NRL. .)[(260+104(NC))(FII)+52(FI
2 )+12(FI 3)S j=l '

+4(FI4 )+2(FI 5 )+(FI 6 )+(780+312 (NC)) (FI 7 )

+(130+52 (NC)) (F1 8 )+104(Fl 9 )+26(FIlo) ] (PMILES) (CPMI)]

CTRAV. = (TFOH.) (C•4ILES) (CPMI)/UMTBF

and:

MHFS. E ~ {(NSHFT.)[(CMDEM./NSHFTj) + SUF(l) VCMDEM./NSHFT. :D1 j=l

CMDEM. = (RSF. + (Rr1-.)(I-PCON.))(S1MHC)(SHFT)) ) :3 )
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4,7.

t4SHPT ft5(NDS )+ 2(NWS.)
j I

PMHRS a Z [(NRL H [260 +104(NC))(2(TRTD) + PMNII )(PI)
ij.. L: I iI

+ (52) (2(TRT) + P1MM 2)(FI 2) + (12) (2(TRT) + P1MMH )FI

+ (4) (2(TRT) + PMMi )(FI ) + (2) (2(TRT) + P1MMH )(FI
4 4 5 5

+ (2(TRT) + P14141 6)FI 6) + (780 + 312(NC))(2(TRTD) +

PMMH )(FI )+ (130 + 52(NC))(2(TRT,) + P1MMH )(FI
7 7 a 8

+ (104) (2(TRT) + PMMH )(FI )+ (26) (2(TRT) + PMMH)

(Fl 1 0 ) (SHFT)] 103

CEHES.j = (RLF 2)(PCON )(SMMHP)

and:
3

RSF = EZ (NRi., .)[(PD )(XNOFD) (MS )+ (PE )(XNOFW)(MES )
i k=2. Ic Ick k kc

RLF.= (XNOF)(NRL.)- RSF.

SMMHC = 2(TRT) + FITT + (FTS) (MTTR) +I (1-FTS) (MTRR)

SMMHP = 2 (TRTP) + FITT + (FTS) (MTTR) + (l-FTS) (MTRR)

XNOF AFHP /UMTBF

XNOFD =(260) (DFHR) /UMTBF

XNOFW =XNOF - XNOFD

Vari3;:le:s :~N (C)dmad n jri prga itra

CMPER. no. of personnel required to fulfill expected corrective

PMPER. no. of personnel required to fulfill expected preventive

maintenance (PM) demands in year i =program internal
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CBPER - no. of personnel required to fulfill expected call-back

maintenance (CB) demands in year i = program internal

CMHRi = no. of expected CM hours required in year i = program internal
PMHRSi no. of expected PM hours required in year i = program internal

CBHRSi no. of expected CB hours required in year i = program internal

CTRAVi = cost of travel to sites for CM in year i = program internal
PTRAV. = cost of travel to sites for PM in year i = program internal

CMDEM = expected CM demand for restoration level j in year i =

program internal

NSHFT. = no. of shifts per week, restoration level j = program internal
I

NDS. = no. of daily weekday shifts, restoration level j

'i Nws. - no. of daily weekend shifts, restoration level j

RSF. = regular shift maintenance demands for systems having rest-

oration level j = program internal

RLF. non-regular shift maintenance demands for systems having

restoration level j = program internal

PCON = probability of contacting maintenance personnel given

restoration level j

SMMHC - labor-hours required per corrective maintenance action

•'i program internal

SHFT shift differential identifier = program internal

PMJ - available hours per man per year

PRODJ = productivity of technicians performing maintenance at system site

MINJP = minimum no. of technicians required to meet staffing requizements

SLR = loaded annual salary for technician of skill lsvel NSCAT

NSCAT = technician level required fc repair of system under evaluation
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NFC - no. of flight checks per year

CPFC - cost per flight check

NC - weekend shift identifier program internal

SUF(l) - sufficiency factor for repair personnel

TRTD avg. authorized travel time to site for daily PM

PMMH = avg. preventive maintenance labor-hours

F1 = preventive maintenance identifier = program internal

TRT avg. authorized travel time from central location tQ system site

SMMHP labor-hours required per call-back maintenance action

OTSLR = loaded overtime rate for technician of skill level NSCAT

NSCAT

NRL no. of sites having restoration level j in year i

PDk daily failure allocation factor = program internal

XNOFD = avg. no. of weekday failures per year = program internal

MS = daily maintenance shift identifier = program internal
k

PEk = weekend failure allocation factor = program internal

XNOFW = avg. no. of weekend failures per year = program internal

MESk = weekend maintenance shift identifier = program internal

XNOF = avg. no. of failures in year i = program internal

FITT = avg. labor hours to fault isolate and test failed unit at site

FTS = fraction of failures repaired at site

MTTR = mean time to repair failure at site

MTRR = mean time to remove and replace failed unit at site

TRTP = avg. authorized travel time to site for call-backs

UMTBF = avg. mean time between system failures = program internal

DFHR = daily operating hours per system type

AFHR avg. annual operating hours per system type

D-17
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TFOHi z avg. annual operating hours for systems in operation in year i =

prooram internal

COILES = avg. distance traveled to sites for CM

CPNI - cost per mile

PMILES - avg. distance traveled to sites for P. ,

NS no. of systems in operation in year i = program internal

GSYSi = no. of systems purchased in year i = program internal

3.3.3 Off-Site Maintenance (OFSITE)

The initial system snipping costs, expected material, labor, and parts

shipping costs associated with performing corrective maintenance at the base

and depot locations are represented by this cost element. Nonrecurring

costs include only the cost of shipping each system to its installatioiu site;

all other .costs are included in the recurring costs. The nonrecurring cost

component is given by:

NRCOS. (SYSWT) (GSYS.) [(YMIL) (SSHC) + (XMIL) (SHC)]

Variables are:

SYSWT = total system weight (lb.)

GSYS. = no. of systems purchased in year i = program internal1

YMI 4 = average no. of shipping zones between base and depot

SSHC = shipping rate per lb, between base and depot

XMIL = average no. of shipping zones to first destination

SHC = shipping rate per lb. to first destination

The recurring cost component is determined by:

RLCOS = TMT + TLABORi + TSHIP.

D-18
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where:
NLRU

Tt4ATj + TFOHj [Z L L(BLRU) RTs (RTLB(BMC) +
J1 (

((RTS.)(1-RTLB. + (l-RTS.))(DMC.))/IkITBF.A

k-iNOSRU k)[(FBLRU)(RTSB )(BMCS )(RTS. + £(RTS. 4

TLABOR. = (BPERS.i)(BLR)(PRODB) + (DPERýS.)(DLR)(PRQDD)

and:

BPRi=(TFO i.)(BHOURS ii (YMIL)(POD )] (SC+XI)(~)

LOHOURS. (iRTLB.)(1-I¶[WL)

/LM'rIF] + [E o~~)u~~1.~Bk

k=]. R(OS.) js (i-ITWS )/ R S ~)SMTBF. jI

(1-IjWk jj IsTrk,]

NLLU
x1.TRS. = (WT.R) Ef(COND)/U4TTBF. -TB.(-IW.

NLRU NSRU.
XSTTR. + Zr 3 (N¶'.(OD3 )(OSRU .MRT /(RS~B A

j~. k=l j~k -j,k

+(l-TS )'JSHTR j~) D-IW j19 SMB ~k)V

XLTTR 'v Z k.(-Nj/LTF



NLRUXLSHP. Z• C (WT)[ (FBLRU) [ I-RTSj + (RTSj (1-RTLB)]

j-l

(2) (YMIL) (SSUC) (1-IWL.)+[ (FBLRU) (1-RTS.)
3 35

((YMIL) (SSHC) +(XMIL) (SHC) ) (ITWL.) j]/LMTBF.

NLRU NSRUj
XSSHP. = 7XSP j k-i(NOSRU"k (WTB )L(FBLRU) (RTS.) (-RTSB )(2)

j.1 kul jlk jlk j,k

(YMIL) (SSHC) (I-rTWsj ,k ) (FBLRU) (RTS.) ((YMIL) (SSHC) +

(XMIL) (SHC)) (ITWS ) ]/SMTBFj k

TFOHi = (AFHR) (NSi)

FBLRU BIT + (1-BIT) (RTSS)

Variables are:

NLRU = no. of LRUs in avionics system

RTS. = fraction of LRU. failures isolated to SRU at base

RTLB. = fraction of repairable LRU. failures repaired at base

BMC. = average base materials cost per maintenance action on j'th LRU

C. = average depot materials cost per maintenance action on j'th LRU

LMTBF. = mean time between failures of j'th LRU

NSRU. = no. of SRU types in j'th LRU -. S

NOSRUj~ no. of like SRUs of 'LyPe k in LRUi [

RTSB. fraction of repairable SRU in repaired at base
j ,k j,k

BMCS = average base materials cost per maintenance action on SRUjk

DM4CSjk = average dcpot materials cost per maintenance action on SRUjik

SMTBF lk = mean time between failures of SRijk

TFOH. average annual operating hours of all systems in operation in

year i = program internal
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BPERSi no. base repair personnel required to meet expected demand in 1
year i - program internal

DPEIRS no. depot repair personnel required to meet expected demand in

yeari - program internal

BLR - average annual salary of base repair personnel

PMS - available hours per base repair person per year

PRODE = productivity of base repair personnel

DLR = average annual 3alary of depot repair personnel

PMD = available hours per depot repair person per year

PRODD = productivity of depot repair personnel

PACK = packaging factor = packed wt./unpacked wt.

YMIL = average no. shipping zones between base and depot

SSHC = shipping rate per lb. between base and depot

XMIL average no. of shipping zones to first destination

SHC = shipping rate per lb. to first destination

LMTTR. = mean time to repair j'th LRU]

ITWL. repair/throw-away flag for j'th LRU

SMTTR. = mean time to repair SRU
repai j,k

ITWSj,k = repair/throw-away flag for SRU
j,k

WT. = weight of j'th LRU3

COND. = fraction of failed LRU. lost to condemnation I
j,k -weight of SRU.j,k

CONDBk = fraction of failed SRU.k lost to condemnation

AFHR = average monthly flight operating hours

NSi = no. of systems in operation in year i = progiam internal

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

RTSS = fraction of failures isolated to LRU at base without using BITE
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3.3.4 Inventory Entry and Supply Management (INVENT)

This cost element represents the -ost associated with introducing and

maintaining new coded supply items in the user inventory and the management

cost of maintaining a supply inventory for all of the coded items that are

stocked at the repair sites. The first year's inventory entry cost is treated

as a nonrecurring cost (NRCOS i,4); the supply management cost is treated as

a recurring cost throughout (RLOS i,4). The resultant components are given

by:

NRCOS, = (IAMC)(NNIC); i =
1,4

-0 ; i•

RLCOS = (NNIC) (HOLD)

Variables are:

IAMC = cost of introducing each new coded item

NNIC = no. of inventory coded items that are new

HOLD = average annual holding cost per item type

3.3.5 Special Support Equipment (SPTEQP)

Included in this cost element are the nonrecurring costs of purchasing

special test equipment (NRCOS, 5 ) and the recurring costs of operating that

equipment (RLCOS i,5) It is assumed in the model that the test equipment is

unique to the systems being evaluated. It is further assumed that there will

be a minimum of one of each type of support equipment at each base and depot

facility. The nonrecurring and recurring costs of special support e(uipment

in the i'th year, assuming that NSEB and NSED units of the m'th equipment
m m

type have been purchased prior to year i at the base and depot level, are

given by:

NRCOS = NNSEB. + NNSED.
i,5 1 1
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where:
JSEB '

NNSEB, [ Max{INTE(TFOH.)(BFIT)(UTILB )/((UiTBF)
1 1

(AVALB)(BETA ))], (MINSEB)(NOB~ )/LCOMB -NSEBm I

(USECOB

NSSED J~cED
NSSED (Max{INT[(TFOH.i)(DWIT) (UTILD )/((UMTBF)

(AVALD )(DETA ))M, (MINSED) (NOD.),/LCOMD I

m m i

TFOH. =(hFHR) (NS

NLRU NSRU.
EFIT Z [((-FTS)(FBLRU)(RTS.)(RTSB )(SFITT )

1=1k= ) j,k j,k

NLRU NSRLIJ
DFIT ) {(1-FTS)[((-BIT) (-RTSS) + (FBLRU) ((-RTS.

j-1. kiil K

+(RTS ) (L-RTSB. )(SFITT.l )NOSRU. )/EVBF.
kjk j,k kjk[ ~FBLRU =BIT + (i-BIT) RTS)[ ~ ~and: RCS

RLCOS =RNSEB. +IRWSED.

where:
JSEB

RNSEB. = z Max [(TFOH.) (EFIT) (UTILB )(SECOB )((UMTBF)
1 u-iJ 1 m In

(AVALB ) (BETA ),(MSEBO ) NSEB ) I1,
in m m in

JSED
RNsrED, = Max (TFOH.) (DFIT) (UTILD )(SECOD )/(UMTBF)

(AVALD 1 DETA )),(MSEDO )(NSED )~
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Variables are:

JSEB no. of different types base suppcrt equipment

TFOHi - avg. annual operating hours of systems in operation in year i

program internal

UTILB - utilization rate of mth type base support equipmentm

UMTBF = mean time between system failures = program internal

BETA - m'th type base support equipment hours available per month

AVALBm = availability of m'th type support equipment, base

MINSEB = minimum no. of each type support equipment, base

LCCOB = no. system types to which m'th type base support equipmentm

is common

USECOBm = unit cost of m'th type base support

NOBi = no. of bases in year i

NOD. = no. of depots in year i1

UTILD = utilization rate of mth type depot support equiptnent

DETA m'th type depot support equipment hours available per monthm

AVALD availability m'th type depot support equipment
m

MINSED minimum no. of each type depot support equipment

LCOMD no. of avionics unit types to which m'th type depot support
m

equipment is common

USECOD = unit cost of m'th type depot support equipment Im

AFHR = avg. annual operating hours per system

U = no. of systems in operation in year i = program internal

NLRU = no. of LRUs in system

NSRU. = no. of SRU types in j'th LRU
)

FTS fraction of failures repaired on-site
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RTSj fraction of LRUJ. failures isolated to SRU at base
j )

RTSB - fraction of repairable SRU. repaired at base
j ,k k

SFITT avg. labor-hours to fault isolate and test failed SRU ,kjST k ajk

NOSRU = no. of like SRUs of type k in j'th LRU
j ,k

SMTBF - mean time between failures of SRU.
BIT -fraction of failures isolated to LRUJ by Built-In Test Equipmentk

RTSS fraction of failures isolated to LRU at base without using BITE

SECOBm = m'th type base support equipment operating cost

iMSEBOm minimum annual m'th type base support equipment operating cost

SECOD = m'th type depot support equipment operating cost

MSEDO = minimum annual m'th type depot support equipment operating
m

cost

3.3.6 Training (PERSON)

The training cost consists of the specialized maintenance training
7]Z

required to meet the expected ccrrective and preventive maintenance demands

(NRCOS.,) and the recurrent cost of additional specialized training result-

ing from the turnover of repair personnel (RLCOSi, 6 ). It is assumed that a

minimum of one person per maintenance site will receive training. The train-

ing costs incurred in year i, then, assuming that NPERJ technicians, NPERB

base personnel, and NPERD depot personnel have been trained prior to year ia

are:

NRCOSi,6 = (NJPERi) (TCOSJ NscAT )+(NBPER.) (TCOSB)

+ (NDPER.) (TCOSD)

where:

NJPERi = DMPERS - NPERJ

NBPERi = BASEP - NPERB

NDPERi = DEPOTP - NPERD
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and:

DMPERS - INT(CMPER. + PMPER. + CBPER. + .999) •

BASEP - INT(BPERS + .999)

DEPOTP - INT(DPERS + .999)
IA

where:

RLCOSi, 6 (NPERJ) (TCOSJNscAT) (TRJNScAT)

+ (NPERB) (TCOSB) (TRB)+(NPERD) (TCOSD) (TRD)

Variables are: 2!

NJPER, - number of technicians trained in year i = program internal

NBPER.i number of base repair personnel trained in year i = program internal

NDPER. - number of depot repair personnel trained in year i =

program internal

TCOSJNsAT = cost to train technician of skill level NSCAT

NSCAT = technician level required for repair of system under evaluation

TCOSB = training cost per base level repair person

TCOSD training cost per depot level repair person

CMPER. number of technicians required to meet expected CM demand
1

in year i = program internal, see Section 3.3.2

PMPER. number of technicians required to meet expected PM demand

in year i = program internal, see Section 3.3.2

CBPER. = number of technicians required to meet expected CB demand
1

in year i = program internal, see Section 3.3.2

BPERS. = number of base repair personnel required to meet expected1

demand in year i = program internal, see Sec-tion 3.3.3

DPERS. number of depot repair personnel required to meet expected

demand in year i = program internal see Section 3.3.3 [
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TRJNSCAT - turnover rate for Lechnicians of skill level NSCAT
Tr a bao

TRB - turnover rate for base repair personnel

TRD -turnover rate for depot repair personnel

3.3.7 Data Management and Technical Documentation (DATMGT)

The data management and technical documentation element consists of

the nonrecurring cost (NRCOSi,,) associated with the preparation of base and

depot level documentation and the recurring cost (RLCOS i.) associated with

keeping that documentation current. These costs are given by the following

equations:

NRCOSi, 7  (CPP) (NPBD) (qBAS.i) + (NPDD) (NNDEP.)]

where:

=NOB. ; i=
",;NBASi=NO

NNDEP. = NOD ; i = I

= NOD i-NOD U}

and:

RLCOSi, 7  (CPNP)[ (NNPBD) (NOB.)+(NNPDD) (NOD.) ]1 1

Variables are:

CPP = cost per page# original technical documentation

NPBD - no. of pages base level documentation

NPDD - no. of pages depot level documentation

NOBi - no. of bases in year i

NODi - no. of depots in year i
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CPNP - cost per new page of technical documentation

NNPBD - no. of new pages base level documentation

NNPDD - no. of new pages depot level documentation

3.3.8 Facilities

The facilities costs are considered to consist of the recurring operating
costs of the repair facilities (e.g., space rent, electricity, general tools,

etc.). It is assumed that no new support facilities will be required for the

system; hence, NRCOSi,8 0. The recurring cost (RLCOSi8) is then given by:
ii,8

RLCO = (FOCB)(NOB) + (FOCD) (NOD.)

Variables are:

FOCM = annual base facilities cost attributable to system being analyzed

FOCD = annual depot facilities cost attributable to system being analyzed

NOB. = number of base maintenance sites, year i

NOD. = nrxnber of depot maintenance sites, year i

3.3.9 System Operation (SYSOP)

The cost of operating the ground systems is represented by this cost

element, which consists solely of a recurring cost component (NRCOSi, = 0).

This cost is determined by the following formula:

RLCOS, (TFOHi) (NOKWHR) (CPKWHR)/AFHR

D-28

7.



Variables are:

TFOHi - average annual operating hours of all systems in operation

in year i = program internal

NOKWHR - number of kilowatt hours used annually by system under

evaluation

CPKWHR -cost per kilowatt hour

AFHR =avg. annual operating hours per system type

D2
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APPENDIX E

LIFE-CYCLE-COST MODEL
FOR GROUND EQUIPMENT
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C PROGRAM FACLTY
C
C THE PROGRAM FACLTY DETERMINES THE TOTAL LIFE CYCLE COSTS OF
C GROUND MLS INSTALLATIONS* DATA IS INPUT TO THE PROGRAM BY
C MEANS OF THE USER TERMINAL, A REPAIR FACILITY FILE (REPFAC)p AND
C A SYSTEM FILE (SFILE).. THE PROGRAM USES THE DATA TO CALCULATE
C ANNUAL ACQUISITION COSTS, INSTALLATION COSTS, AND LOGISTIC SUP-
C PORT COSTS, WHICH ARE THEN OUTPUT IN TABULAR FORM IN BOTH CON-
C STANT AND DISCOUNTED DOLLARS.
c

PROGRAM FACLTYb
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/ACQUIZ/ACOS(25) ?TCOSA(25) Al4 ~COMMON/ANNDAT/BITFBLRUGSYS(25) ?NBAS(25) ,NIEP(25),
1 NNGS(25)PNOBPNOD'NRGS(25)YRTSSTFOH(25),YEAR(25)
COMMON/BASDEP/BLRBMTvDLRPDMTFOCBPFOCDSHCPSSHCXMILYMIL
COMMON/BASSPT/AVALi( 10) ,BETA( 10) ,BFITJSEBLCOMB( 10) ,MINSEBI
1 MSEBO(10),SECOB(I0),USECOB(10),UTILB(1O)
COMMON/CAT/CLCCCPROG(25) ,TNRCAT(1O) ,TPROG(25) ?TRLCAT( 10>
COMMON/DEPSPT/AVALD(10),DETA(10),E'FITJSEDLCOMD(1o),MINSEE',
1 MSEtIO(10)vSECOD(10),USECOD(10),UTELta(10)

COMMON/DOCMGT/CPNP CPP NNPBD, NNP'DEINPBE' NPDD
COMMON/GENDAT/CMILESPCPMI tMINBiMINE'PMINE'PMINJPtPMILESSUF(3),
1 XMINB
COMMON/HOURS/BHOURS(25) vCBHRS(25) ,CMHRS( 25) ,DHOURS(2'5) ,EMHRS(25)7

1 PMHRS(25)
COMMON/INSTAL/ICOS(25)PINCOSRICOStTCOSI(25),INYEAR
COMNLBRCPCFT TTRPTRN~NSAPTL()PCON(3)9

1 PMMH(10),SDIF(6)YSLR(6)PTRTTRTtiTRTF'
COMMON/LCOSTIS/BLABOR(25) ,CBCOST(25> ,CMCOST(25) ,DLAr4OR(25),

1 DMCOST(25) PPMCOST(25)
COMMON/LOGIST/NRCOS(25t9) ,RLCOS(25t9) ,TCOSL(25) ,TCOSN(25),
1 TCOSR(25),TLLCOS(25),TNRCOS(25),TRLCOS(25),LOGYR
COMMON/LRUDAT/BMC(20) ,COND(20) ,DMC(20) ,ISPR(20) PITWL(20) ,LCOML(20)
1 ,LMKUPtLMTBF(20),LMTTR(20),LUCOS(20),NLRUNSRU(20),
2 RTLB(20)YRTS(20)vWT(20)
COMMON/NAMES/NAMFAC, SNAME, UNAME
COMMON/PARAM/BASEYR DSCNT NYRS 'XE'ISXLRN, TDIS
COMMON/PRS-NNL/ /-ERS(25) ,CBPER(25) ,CMPER(25)PDEMPER(25) ,'IPERS( 25),
1. PMB, PMD, PMJ, PMPER (25) YPRODB PPRODE' ,PRODJ ,TCOSB,

2 ~TCOSEITCOSJ(6)PTRBYTRDs,'RJ(6)
COMMON/SAVEIT/SACOS(25)tSICOS(25),SNRCOS(25v9),SRLCOS(25,9)?
1 STLLCO(25),STNRCO(25),STRLCO(25)
COMMON/SPRSTK/BSOBPBESOBL BSOD , ESODL ,OSB, OSBL, OSD OSDL ,ROP
COMMON/SRUDAT/BMCS(20,20),CONDB(20,20),EIMC (20,20),ITWS(20?20),
1 LCOMS(20p20)rNOSRU(20v2O)tRTSB(20,20hySMKUP,

3WTB4(20v20)vISPRB'(20v20)2
COMMON/STOCK/HOLD I AMCPNN IC
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COMMON/SYSDAT/AFHRAMCOSCPKWHRDFHRLIISTPNDS(3),
1 NOKWHRtNRL(25t3),NWS(3)vPQTYrUCOStUMTBF

CI
C *DECLARE VARIABLES

INTEGER BASEYRGSYSvITWLITWSJSEBtJSEDLCOMBLCOMDLCOMLLCOMSii' C ~INTEGER MINB'MINBP ,MINEIF ,MINJP, MINSEBPMINSEDYNBAS ,NDEP ,NtISNLRU
INTEGER NNGSPNNPBDNNPDDtNNRL(3) ,NOBNODNOSRUNPBDNFDDNRGSiNFC
INTEGER NRL VNSCAT ,NSRUPNWSNYRS PXMIL, XtINB, YEAR, YMIL
INTEGER*4 NAMFAC(4) ,LABOR(3)
REAL ACOSAFHRAVALBAVALDPBETABITBLRBMCBMCSNNICNOKWHR
REAL BMT PBSOBP BSOEILBSOD, BSODL ,CLCC, CONDrCONDB, CPNPPCPFC
REAL CPPP CPROGPDEETA ,DFHR, ELR, EMC ,DMCS, DMTDSCNT

-~REAL FBLRUFITTFOCBFOCDPFTSHOLDIAMCICOSPINLOS
REAL KFACLDISTLMKUPLMTBFLMTTRLUCOSPMSEBOMSEDOMTRRvMTTR
REAL PRCOSE'BPODSBLPOSDJOSRLCOTSLRiPONPRTBRTSRTSB MHP
REAL PRTSDIFSECOBSEJYCODSHRCSLROSMKUPSMTESMTTRSSHUO
REAL RSUFPTCOSATCOBSEvCODSHCOSI ,TCSJUTCSLTCOFSNTTSHCCOSRTH
REAL TLLPCOSPTNCATNRCOSPTPROGPTRBTRTCRJTLCATRLCOSTRiTF
REAL TLOPNCTTROPPOvRPRPRPRCTTLOYR
REAL XRDISXRNPUOPMBPSCBUECDUI~UI~WP
LREIAL* XDSFILE(6R NM(5NNM(3)TISRPA(6
LOIATA l SFILE/' 6)S' , 'Y' , '0',':' ,6*'X',' ','D', '4s'' 0
DATA REPFLc/'S't'Y','0'P': ,6*'X','.','D','A','T',0,0/
DATA DSPFCT/0.0/ P'''9v6''''PDPAY''~

C AADCT00
C *NTAIETRIA NU AIBE
C *NTAIETRIA NU AIBE
10 WIE1* -- MSGON YTE IECCECS VLAIN--

WRITE(19*)/
WRITE(1,*)'/

20 WRITE(lv*) 'ENTER SYSTEM FILE NAME'
REAEI(lP1001) (SFILE(I)i I = 57 10)
WRITE(lt*)'

30 WRITE(l,*) 'REPAIR FACILITY FILE NAME?'
READ(1P1001) (REPFAC(I)p I1 57 10)

40 WRITE(19*) 'DISCOUNT RATE?'
READ(1,*) XDIS
WRITE(lr*)'
WRITE(1i*) 'NUMBER OF YEARS IN LIFE CYCLE?'
READ(lv*) NYRS
WRITE(lt*)
WRITE(1t*) 'BASE YEAR FOR DISCOUNTING PURPOSES? (E.G.1980)'
READ(1,*) BASEYR
WRITE(19*)
WRITE(lt*) 'VALUE OF K FACTOR? (MTE4F SENSITIVITY ANALYSIS)'
WRITE(lvl) '(ENTER 1.0 IF YOU DO NOT WISH TO PERFORM THE'
WRITE(1,*) 'SENSITIVITY ANALYSIS.)'
READ(lp*) KFA0
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if WRITE(WRITE(RItE1*) 'DO YOU WISH TO PRINT THE LIFE CYCLE COSTS FOR EACH'
WRITE(19*) 'SYSTEM TYPE EVALUATED?'
READ(1,1001) TDllS
WRITE(lt*)'/

C *READ DATA FROM SYSTEM AND FACILITY FILES
C

OPEN(UNIT=2,NAME=REPFACTYFPE='OLD' wREADONLYERR=901)
READQ(21000) (UNAME(I), I1 1735)

C
C *READ USER DATA FILE
C

DO 50 1 = ly NYRS
READ(271004) YEAR(I)YNE4AS(I),NDEP(I)

50 CONTINUE
READ(2,1006) E4LRtBMTPDLRYDMT
READ(2'1006) E4SOE',ESOBLPBSODEISODL

ýJliREAD(2,1006) OSBPOSE'LvOSDPOSDL ,ROP
READ(2, 1006) DISTPLEIISTPLMKUPPSDISTtSMKUP
READ(2t1004) MINEIPPMINEIPYMINJPYMINBvXMINB
READ(2,1006) PMBPPMDPPMJ
READ (271006) PRODB, PROED , PROEIJ
READ(291008) HOLD-IAMCPMINSEBtMINSED,

READ(2P1015) SHCPSSHCPXMILFYM1L
READ(2, 1006) TCOSBtTCOSDPTRBPTRE'UREAD('91006) TRTTRTOtTRTP
READ(2,1006) CMILEStPMILESpCPh1
READ(2Y1006) SUF(l)vSUJF(2)TSUF(3)
READ(291015) CPKWHRPXLRN

C *LABOR SKILL LEVEL DATA
C

READ(271004) NSL
DO 60 I = 1' NSL
READ(2t1005) (LAE4OR(J), J =17 3)
READ(291006) SLR(I) ,OTSLR( I' rSI)iIF( I) ,TCOSJ( I),TRJ( I)

60 CONTINUE

ICC *GROUND SYSTEM RESTORATION LEVEL DATA
C

DO 65 1 =1,y3
READQP,1016)
READ(2P1014) NDS(I)tNWS(I)gFCCN(I)

65 CONTINUE
C
C *CLOSE USER DATA FILE AND OPEN SYSTEM DATA FILE
C

CLOSE (UNIT=2, ERR=903)
OPEN(UNIT=2vNAME=SFILEYTYF'E='OLDI' READONLYtERR=901)
READ(2,1000) (SNAME(I)v I !P165)
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C

C *READ SYSTEM DATA FILE

REAEI(21004) NFTii C DO 200 N =1, NFT
C *INITIALIZE SYSTEM VARIABLES TO ZERO
C

tDO 70 J = It 20
LUCOS(J) =0#0
LMTI4F(J) = 0.0
WT(J) = 0.0

r~,.70 CONTINUE
UMTBF =0*0

UCOS =0#0

DO 72 J =1,r NYRS
DO 71 K =1,t3

NRL(JvK) =0,0
71 CONTINUE

72 CONTINUE

READ(2t1005) (NAMFAC(J'~ t4)
WRITE(lt,100) (NAMFAC(J, =1,4iI ~WRITE(1,*)
READ (2,r1004) INYEARr LOGYR
DO 75 I = lyNYRS
READ(2vI004) NNGS(I) ,NRGS(I)v,(NNRL(J)iJ=1,3)

C
C *DETERMINE NO. OF SITES IN YEAR I HAVING RESTORATION LEVEL J
C

DO 74 K = It NYRSi
DO 73 J =1,t3
NRL(KPJ) = NRLV(KJ) + NNRL(J)

73 CONTINUE *
74 CONTINUE
C5CNIU

RED21C)CHDHMO,(T
READ(2tl017) INCOSRIDHR COSvNOK HR
READ(2,1006) BITFSPITTStNK
READ(2t1006) NLRUNSCTJFSEJE
REAt'(291006) MTRRMSCTTRSE~NNIC V
REAP(2t1008' MTRtC TRYRSSCDI
READ(211008) (PMM(J)J 15)
READ(2P1006) (PMMH(J), J = P51)V
READ(2,1012) CPNPCPPNJFCtC1F )
READ( 2,1004) NPNPE4EI, NF'DtI CPE4 FD

CED210)NPDYNDFPDND
C *EDLUADSUDT
C *EDLUADSUDT

C9
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DO 90 J It NLRU

READ(2P1016)
READ(291018) I4MC(J),t'MC(J),'COND(J)
READ(2pl011) LMTTR(J),ITWL(J),LCOML(J)PISFR(J)
READ(2PI10O) NSRU(J)vRTLB(J)yRTS(J)vWT(J)
IF (NSRU(J) .EQ. 0) Ga TO 85
DO 80 K =1, NSRU(J)

READ(2t 1016)
READ(2,1013) E'MCS(J7K)YCONE'B(JPK)YDMCS(JPK)
READ(2y1004) ITWS(JK),LCOMS(JK),NOSRU(JvK),ISPRB(JtK)
READ(2tI019) RTSEI(JK)PSMTE4F(JtK)giSMTTR(JPK)

READ(291019) SFITT(JK)tSUCOS(JYK)vWTE4(JgK)

C

LUCOS(J) = LUCOS(J) + NOSRU(JvK)*SUCOS(JTK)
IF (SMTE4F(JtK) .NE. 0)

1 LMTE4F(J) = LMTEIF(J) + (NOSRU(JYK)/SMTBF(JvK))
WT(J) = LJT(J) 3 WTEB(JPK)

C
C *RECALCULATE SUCOS TO ACCOUNT FOR DIISTRIBtUTION COST

C ~SUCOS(JvK) = SUCOS(JPK)*(1 + SIAIST)

53MTE4F(JtK) = SMTB:F(JvK)/KFAC
BMCS(Jd() = BMCS(JTK)*KFAC
[IMCS(JiK) = DMCS(JPK)*KFAC

so CONTINUE

C

35 LUCOS(J) = LUCOS(J)*(1 + LEIIST)

IF (LMTEIF(J) .NE. 0.) LMTBF(J) =(I.,/LMTBF(J))/KFACBMC() = MC(J*KFA
E4MC(J) = E4MC(J)*KFAC

90 CONTINUE

C *READt SUPPORT EQUIPMENT DATA
C

IF (JSEB .EQ., 0) GO TO 105
DO 100 J = 1, JSEB

REAE:(291012) AVALB(J)tBETA(J)tLCOMB(J)YMSERO(J)
READ(2P1019) SECOB(J)YUSECOB(J),UTILE4(J)

100 CONTINUE

105 IF iJSED .EQ. 0) GO TO 1151
IDO 110 J = It JSED

READ(2t1012) AVALEI(J),DETA(J!),LCOMD(J),MSEDO1(J) 1
REAEI(2P1019) SECOEI(J)vUSECOD'4J),UTILD(j',

110 CONTINUE

C
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115 DO 130 I 1, NLRU
IF (LMTBF(I) .NE. 0.) UMTBF UMTBF + (1./LMTBF(t))
UCOS = UCOS + LUCOS(I)

130 CONTINUE
C

UMTBF = (1./UMTBF)

C
C *CALCULATE ACQUISITION AND TNSTALLATION COSTS
C

CALL ACOCOS
C
C *CALCULATE LOGISTIC SUPPORT COST OF GROUND SYSTEMCI

CALL LOGCOS

C *CALCULATE TOTALS FOR LIFE CYCLE
C

CALL OUTONE
CALL OUTTWO

200 CONTINUE
c

CALL, OUTTHR
IC

*cCLOSE TNPUT FILES
S210 CLOSE(UNIT=2yERR=904)

GO TO 999
C
C *ERROR STATEMENTS

C I901 WRITE(l,*) 'ERROR IN OPENING SFILE. PLEASE TRY AGAIN.'
GO TO 20

902 WRITE(1,*) 'ERROR IN OPENING REPFAC. PLEASE TRY AGAIN4'
CLOSE(UNIT=2,ERR-903)
GO TO 30

903 WRITE(1,*) 'ERROR IN CLOSING SFILE. PROGRAM ABORTED.'
GO TO 999

904 WRI'TE(,l*) 'ERROR IN CLOSING REPFAC. PROGRAM ABORTED.' "
GO TO 999

C

C *FORMAT STATEMENTS
C
1000 FORMAT(20X,65AI)
1001 FORMAT(fOAl)
1002 FORMAT(F4,2)
1003 FORMAT(14)
1004 FORMAT(10X,5(I8,7X))

E- 8



1005o FORMAT( 1OXp4A4)
1006 FORMAT(10XP5(FB*2p7X)) jg
1,008 FORMAT(10Xv2(F8s2p7X)?2(I8i7X))
1009 FORMAT(10X,2(F8,2v7X),F80,O7XPF8.2)
1010 FORMAT(10XpI8t4(7XtF8.2))
1011 F0RMAT(10XpF8.2v7Xv3(I8v7X))
1012 FORMAT(10X,2(F8,2,7X),18,7XF8.2)
1013 FORMAT(10XvF8.2p7XF8.392(7XPF8.2))
1014 FORMAT(10XP2(I8,7X)PF8.2)
:1015 FORMAT(10Xt2(F8.3,7X),24(I8,7X))
1016 FORMAT(20X)
1017 FORMAT(1OXyF9.0v2(7XvF8.0))
1018 FORMAT(IOX?2(FB,2,?7X)tF8.3)
1011i FORMAT(lOKF8.2,7XF8.0,7XF8.2l)

999 STOP

ii- i
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C SUBROUTINE ACOCOS V,
C C
C THE ACQCOS MODULE DETERMINES THE ACQUISITION COST OF THE MLS
C GROUND EQUIPMENT FOR EACH YEAR IN THE LIFE CYCLE. ACOS
C REPRESENTS THE ACQUISITION COSTS INCURRED IN YEAR I; TCOSA REP-
C RESENTS THE TOTAL ACQUISITION COSTS INCURRED PRIOR TO YEAR 1.
C

SUBROUTINE ACOCOS4
C
c *ESTABLISH COMMON BLOCKS

COt¶MON/ACQUIZ/ACOS(25)p TCOSA(25)
COtIMON/A4NNDIAT/BIT,-FBLRUGSYS(25),NBAS(25),NDEP(2-5),

COMMON/PARAM/BASEYRPt'SCNTNYRSXE'ISXLRNTDIS
COMMON/SYSDAT/AFHRrAMCOSCPi(WHRPDFHRiteISTNDS(3),

1 NOKWHRpNRL(2573),NWS(3)PPQTY'UCOSPUMTBF

C *DECLARE VARIABLES

INTEGER GSYSNBASNDEPNDSNNGSNOBNODNRr3SNRLNWSNYRSYEAR
REAL ACOSYAFHRAMCOS, BIT, EIFHR, DIST ,FBLRUI £SCNT ,XDIStXLRN
REAL FUCOSPICOSPINCOSLCPQTYRICOSrRTSSTCOSATCOSITFOH
REAL TOTYPUCOSPUMTBFPNOKWHR
LOGICAL*1 ANS~TTDIS
DATA ACOS/25*0.0/t ANS/'Y'/p TCOSA/25*0*0/

C, *INITIAL PRODUCTIONJ COSTS ARE AMORTIZED OVER THE FIRST
C *TWO YEARS OF PRODUCTION

AMCOS =AMC(OS/(2.0*PQTY)

TnTY =0.0

C,
DO 10 1 = It NYRS

C
FUCOS = UCOS

C *COST IS GREATER IF AMORTIZING INITIAL PRODUCTION COSTS
C *(START-UP COSTS ARE AMORTIZED OVER FIRST TWO YEARS OF
C *PRODUCTION.)
C.

IF (I .LE. 2) FUCOS = UCOS + AMCOS
C
C *IS THE LEARNIN(1 CURVE TO BE USED?
CI

IF (ANS .NE. 'Y') GO TO5
IF (I .NE. 1) GO TO 2
WRITE(19*) 'IS THE LEARNING CURVE FACTOR TO BE APPLIED?'
REPEI(lP1001) ANS

E- 10
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WRITE(lI*) "
IF (ANS *NE. 'Y') GO TO 5

2 LC = (TUTY + PQTY/2.)**(ALOG(XLRN)/ALOG(2.0))
TOTY = TOTY + POTY
FUCOS = FUCOS * LC

C
C *ADJUST FUCOS TO REFLECT DEALER MARK-UP/-DOWN
Ic

5 FUCOS = FUCOS*(1 + DIST)
C
C *DETERMINE NUMBER OF SYSTEMS TO BE INSTALLED
C *IN YEAR I
C *IF (RETROFIT PERIOD IS OVER) NRGS(I) = 0
C

GSYS(I) = NNGS(I) + NRGS(I)

C *CALCULATE COST ASSOCIATED WITH ACQUISITION OF AVIONICS UNITS IN
C *YEAR I
C

COST = GSYS(I)*FUCOS
C
C *UF'DATE ACQUISITION COSTS FOR YEAR I
C

ACOS(J) = ACOS(I) + COST
c
C *CALCULATE INSTALLATION COST FOR FLEET
C SL = 0 •

IF (INYEAR *LT. I) L = I - INYEAR
NS = 0
DO 7 K = 1, L

NS = NS + GSYS(K)
7 CONTINUE

IF (NS .EQ. 0) L = 0
I IF (L .GT. 0) CALL INSCOS(IL)

C
1 CONTINUE
l0 CONTINUE
1001 FORMAT(2A1)c

RETURN

END
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C SUBROUTINE INSCOS
C
C THE INSCOS MODULE DETERMINES THE INSTALLATION COST UF THE
C MLS GROUND EQUIPMENT FOR EACH YEAR IN THE LIFE CYCLE.
C ICOS REPRESENTS THE INSTALLATION COSTS INCURRED IN YEAR I;
C TCOSI REPRESENTS THE TOTAL INSTALLATION COSTS INCURRED PRIOR
C TO YEAR I.

SUBROUTINE INSCOS(IL)
c
C *ESTABLISH COMMON BLOCKS
C

COMMON/ANNDAT/BITFBLRUGSYS(25),NBAS(25),NDEP(25), J
1 NNGS(25),NOBNOEI,NRGS(25),RTSSTFOH(25),YEAR(25)

COMMON/INSTAL/ICOS(25), INCOS, RICOS, I'COSI(25), INYEAR I
C
C *DECLARE VARIABLES

CA
c

INTEGER GSYSNBASNDEPNNGSNOBNOIINRGSYEAR
REAL BITFBLRUICOSINCOSRICOSRTSSTCOSITFOH
DATA ICOS/25*0o0/, TCOSI/25*O.O/

C
C *CALCULATE INSTALLATION COST FOR YEAR I

C
COST = (NRGS(L)*RICOS + NNGS(L)*INCOS)

C *UPEDATE INSTALLATION COSTS FOR YEAR I

C
ICOS(I) = ICOS(I) + COST
RETURN
END

I ~
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C SUBROUTINE LOGCOS
C4

C THE MODULE LOGCOS DETERMINES THE RECURRING AND NONRECURRING
C LOGISTIC SUPPORT COSTS OF THE SPECIFIED AVIONICS EQUIPMENT

C OFF-SITE MAINTENANCE, INVENTORY ENTRY AND SUPPLY MANAGEMENT ,
C MEPECIAL SUPPORT EOUIFMENTs, PERSONNEL TRAINING, DATA MANAGE-
C MENTAND TECHNICAL DOCUMENTATION, AND FACILITIES.

C
It SUBROUTINE LOGCOSH C

HC *ESTABLISH COMMON BLOCKS
c

COMhON/ANNDAT/BITPFBLRUGSYS(25) ,NtAS(25) ,NDEP(25),
1i NNGS(25)tNOBYNODNRGS(25),RTSSTFOH(2-5)tYEAR(25)
COMMON/BASDEP/E4LREMTDLRDMTFOCBFOCDSHCSSHCXMILYMIL
COMMON/BASSPT/AVALB(10)vBETA(10)tBFITPJSEBLCOMB(10),MINSEB,

1 MSEBO(1O),SECOB(1O),USECOIB(10),UTILE4(10)
COMMON/CAT/CLCCCPROG(25) ,TNRCAT( 10) ,TPROG(25) ,TRLCAT( 10)
COMMON/DEPSPT/AVALD( 10) ?DETA( 10) ,DFIT, JSEDLCOMI( 10) ,MINSED'

1 MSEE'O(10),SECOE'(10),USECOD(1O),UTILEI(10)
COMMON/DuZMGT/CPNP ,CPP , NNPBE',NNPDE',NPBD',NPDE
COMMON/GENDAT/CMILEStCPMIMINBiMINBPiMINDPMINJFPFMILESSUF(3),

1 XMINB
COMMON/H-OUh3)/EHOURS(25) ,CBHRS(25) tCMHRS(27-5) YDHOURS(25) PDMHRS(2ý5),
1 PMHRS(n25)
COMMON/LABOR/CFFCFITTYFTSPMTRRMTTRNFCNSCATOTSLR(6),FCON(3),

1 PMMH(10),SDIF(6),SLR(6),TRTtTRTDTRTP
COMMON/LCOSTS/BLABOR(25) ,CBCOST(25) ,CMCOST(25) ,ELAE'OR(2-5),

1 DMCOST(25) ,FMCOST(25)
COMMON/LOGIST/NRCOS(25,9)tRLCOS(25,9),TCOSL(25),TCOSN(25)i
1 TCOSR(25),TLLCOS(25),TNRCOS(25),TRLCOS(25),LOGYR
COMMON/LRUDAT/BMC(2O),CUND(20)tDMC(20)rISPR(20)vITWL(20),LCOML(20)
1 ,LMKUPLMTBF(20),LMTTR(20),L-UCOS(20),NLRUNSRU(20)t
2 RTLB(20)?RTS(n0)vWT(20)I COMMON/PARAM/I4ASEYR, DSCNT ,NYRS XE'IS ,XLRN, TDIS 3
COMMON/PRSNNL/BF'ERSC25) ,CBPER(25) ,CMPER(25) ,DMPER(25) ,DPERS(25),
1 PMB, PMD iPMJ~FPMFER (2-_5) PPRODB ,PRODE' PROE'J ,TCOSB,

TCOSDiTCOSJ(6)YTRBPTRDYTRJ(6)
COMMON'/SPRSTK/BSOBBSOBL ,BSODBSODLOSBtDSBLOSDOSEILROP
COMMON/SRUEIAT/E'MCS(20,20),CONEIB(20,20),EIMCS(20,20),ITWS(20,20),

1 LCOMS(2072O),NOSRU(20,20),RTSE'(20,20),SMKUP,

2 SFITT(20,20) ,SMTBF(20,20) ,SMTTR(20,20) ,SUCOS(20,20)I
3 WTB(20p20)9ISPRB(ne0i20)
COMMON/STOCK/HOLDP IAMCNNIC

COMtION/SYSDtAT/AFHRAMCOSCFKWHREIFHRDISTNEIS(3),
1 NOKWHRNRL(25t3)tNWS(3),PQTYYUCOSUMTBF

C
C *DECLAR<E VARIABLES
C

INTEGER GSYS, ITULITWSJSEBJSEDLCOME(,LCOMDLCOMLLCOMSMINB



INTEGER MINI'PiMiNEDPMINJF PMINSEBtMINSEE',NBASNDEPNE'S
INTEGER NLRUNNGSNNPE4E',NNPDE',NOBNODNPBDNFDDNRLBASEYRI INTEGER NRGSiNSCAT tNSRUiNWSYNYRStXMILXMINBYEARYMIL
REAL AFHRvAMCOSAVALBAVALE'PBETAtBFITBITBLRBMCBMCS
REAL BMTPBSOBBSOBLt BSOD17BSODLtCLCCYCONT'FCONE'BCPNPCPPCPROG
REAL DETAEiDFHRE'FITPDISTDLRDMCYDMCSE'MTPtaSCNTNNICNOKWHR
REAL FE4LRUFITTFOCE',FOCDFTStHOLDIAMCLMKUP
REAL LMTE4FLMTTRLUCOSMSEB0,MSEE'OMTRRMTTRNRCOSOSB
REAL OSBLYOSDiOSDLOTSLRPCONFMBPMDPMJPMMHPQTYPPRODBiFROEDD
REAL PRODJYRLCOSRTLBiROPRTSRTSBRTSSSE'IFSECOB
REAL SEOYHvLtMLPSTFST~SHtUOYU
REAL '1C05E4TCOSDTCOSJTCOSLTCOSNTCOSRTFOHTLLCOSTNRCAT

viREAL TNC~TRGTBT 4RiRCTTLDPT~TTtRPUO

REAL UMTBFUSECOBUSECOE'PUTILBUTILDWTWTBXDISXLRN
LOGICAL*1 TDllS
DATA TNRCOS/25*0.0/rTRLCOS/25*0.0/YTLLCOS/2C-5*0.0/
DATA NRCOS/225*0 .0/i RLCOS/225*0.*0/

Ci
C *CALCt'LATE AVG. FAULT-ISOLATE AND TEST TIME AT BASE (BFI".) AND
C *DEPOT (EIFIT)

LIIt±LRU =BIT + (1-BIT)*RTSS

BFIT = 0.0
EIFIT = 0.0
DO 20 K = 1, NLRUft IF (NSRU(K) .EQ. 0) GO TO 20

rd DO 10 L = 1, NGRU(K)
IF (SMTBF(KiL) .EQ. 0.) 60 TO 10II E4FIT = BFIT + (1-FTS)*FBLRU*RTS(K)*RTSE4(KL)*SFITT(KL)

1 *NCSRU(KPL)/SMTBF(KYL)
WFIT =EIFIT + (1-FTS)*((l-BIT)*(1--RTSS) + FBLRU*((l-RTS(K;') +

1 RTS(K)*(1-RTSE4(KL) )) )*SFITT(KiL)*NOSRU(KL)/SMTBF(KL)
10 CONTINUE
20 CONTINUE

j 1 CDO 50 1= l NYRS

NOB = NBAS(I)
NOD = NDEP(I)
L =0
IF (LOGYR .LT. I) L =I -LOGYR

NSTEMP 0
DO 30 K =17 L

NSTEMF = NSTEMP + GSYS(K)
30 CONTINUE

IF (NSTEMP .EQ. 0) L = 0

(1, *CALCULATE NUMBER OF SYSTEMS OPERATING IN YEAR I

C
NS NS + GSYS(I)

C *CALCULATE TOTAL EQUIPMENT OPERATING HOURS FOR SYSTEMS
C
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TFOH(I) = AFHR*NS

IF (L .EQ. 0) GO TO 50c
C *CALCULATE COST OF INITIAL AND RENLACEMENT SPAkES

CALL SPARES(I,L,NYRS)

Cc *CALCULATE COST OF ON-SITE MAINTENANCE
C

CALL ONSITE(I,L,NYRS) I
C *CALCULATE COSTS OF OFF-SITE MAINTENANCE

C

CALL OFZTTE(ILNYRS) ,
c
C *CALCULATE COSTS OF INVENTORY ENTRY AND SUPPLY MANAGEMENT"'

CALL INVENT(INYRS)

C1 *CALCULATE COSTS OF SPECIAL SUPPORT EQUIPMENT
C

CALL SPTEQP(Iv,L,NYRS)
C

C *CALCULATE COSTS OF TRAINING PERSONNEL
C

CALL PERSON(ILNYRS)

C *CALCULATE COSTS OF DATA MANAGEMENT AND TECHNICAL DOCUMENTATION
C

CALL DATMGT(ItNYRS)

c
C *CALCULATE COSTS OF OPERATING REPAIR FACILITIES

CALL OPFAC(I)
C

C *CALCULATE COST OF OPERATING SYSTEM SITESVC •
CALL SYSOP(IL)

C *TOTAL NONRECURRING AND RECURRING LOGISTICS COSTS FOR YEAR I
C

DO 45 J = I, 9
TNRCOS(I) = TNRCOS(I) + NRCOS(IJ)
TRLCOS(I) = TRLCOS(I) + RLCOS(IJ)

45 CONTINUE
C
C *TOTAL LOGISTIC COSTS FOR YEAR I
C

TLLCOS(I) = TNRCOS(I) + TRLCOS(I)
50 CONTINUE
C

RETURN
END
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SUJBROUTINE SPARES( I ,LNYRS)

C THE MODULE SPARES DETERMINES THE NUMBER OF SPARES OF EACH
C TYPE THAT MUST BE STOCKED AT THE HUB (BASE) AND DEPOT LE-
C VELS OF REPAIR IN ORDER TO SATISFY EXPECTED DEMAND. NON-
C RECURRING SPARES ARE THOSE SPARES PURCHASED TO MEET

*C EXPECTED DEMANDS DUE TO UNIT FAILURES; RECURRING SPARES
*C ARE THOSE PURCHSED TO REPLACE SPARES LOST TO ATTRITION OR

C PILFERAGE.
C
C *ESTABILISH COMMON BLOCKS
C

COMMON/ANNDAT/BITvFBLRUGSYS(25) PNBAS( 25) NDEP(25)r
I NNGS(25),NOBNODiNRGS(25)PRTSStTFOH(2:5),YEAR(25)
COMMON/BASDiEF/BLR, BMT DLR, DMTPFOCE4 ,FOCD, SHC ,SSHCPXMIL, YMIL
COMMON/GENDAT/CMILEStCPMIMINBMINBPPMINDPMINJPPMILESSUF(3),

I XMINB
COMMON/LOGIST/NRCOS(25,9),RLCOS(25,9),TCOSL(25),TCOSN(25),
1 TCOSR(25),TLLCOS(25),TNRCOS(25),TRLCOS(25),LOGYR
COMMON/LRUDAT/BMC(20),COND(20,DMC(20,1ISPR(20,YITWL(2O),LCOML(20)
1 vLMKUPLMTE4F(2O)r'LMTTR(20),LUCOS(20),NLRUNSRU(20),
2 RTLB(2:0)vRTS(20)rWT(20)
COMMON/SPRSTK/BSOB "E4SOBLE'SOD, ESODLOSBOSE4LOSDOSDLROP
COMMON/SR'JE'AT/BMCS(20,20),CONDB(20,20) YrMCS(2o,20),ITWS(20,20)t
1 LCOMS(20,20),NOSRU(20,P20),RTSB(20,20)sSMKUP,
2 SFITT(2O720)rSMTBF(2O920),SMTTR(20,20) ,SUCOS( 20,20),

3 WTB(20v20),,ISPRB(20v2O)I C
c *DECLARE VARIABLES
c

INTEGER ECLRUE'SRUDLRUDSRUGSYSITWLITWSLCOMLLCOMSMINBMINEIP
INTEGER MINDPtMINJPMINLRUMINSRLINE(ASNDEPNLRUNNGS
INTEGER NOB, NODtNOSRU PNRGS ,NSRUP XMIL ,XMINB, YEAR ,YMIL
REAL BMvSBBOLBOPSDvOEPODDTFL~FC
REAL FOCDJRTSLMKUPLMTE4FLMTTRLUCOSMTBFLMTBFSNSPRL(20)
REAL NSFPRE(2'D,20) NRCOSvOSBPOSBLOSDtOSDLRLCOSROPRTSRTSB
REAL SMTBF,3MTTRPSUCOSSUFtTCOSLTCOSNTCOSRtTFOHTLLCOSTNRCOS
REAL TRLCOSXRTSE4,NLSPRSNSSFPRSSMKUPRLSPRSRSSPRS
DATA MFLAG/0/

C
C *INITIALIZE VARIABLES

MFLAG MFLAG + 1
IF (MFLAG *NE .1) GO TO 51~ DO 3 J = 19 NLRU
NSPRL(J) = 0#0
DO0 2 K = 1, NSRU(J) j
NSPRB(JK) 0.0

2 CONTINUE
3 CONTINUE
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5 DlO 60 J = 1, NLRU2
MTE4FL = LMTEIF(J)
IF (MTE4FL .EQ. 0.) GO TO 60
JRTS zRTS(J)rC

C *INVESTMENT LRUS (NONRECURRING)
C *DIETERMINE IF LRU IS REPAIRABLE OR NON-REPAIRABLE

IF (ITWL(J) *EQ* 1) GO TO 10
C
C *REPAIRABLE LRUS
C

YDUM= TOH()*(FLRUJRT*BMT/(NB*MBFL
YDUM = TFOH(L)*I(FBLRU*,KJRTS)*BMT)/(NOB*MTBFL)
ZDMCTO()(BR* -RS*IT)(G'MBL

V C ~BLRU = INT(NQE4*YE'UM + SUF(2)*SQRT(YEIUM)) + .999)
MINLRU =MINB*NOB/LCOML(J) =MNR

IF (BLRU *LT. MINLRU) BLRU =MNR

E'LRU =INT(NOEI*(ZDUM + SUF(2)*SQRT(ZI'UM)) + .999)
MINLRU =MINEI*NOE'/LCOML(J)
IF (EILRU .LT. MINLRU) EILRU = MINLRUI

NLSPRS =(BLRU + EiLRU)*KISPR(J) - NSPRL(J)

GO TO210

(10

10 YTDUM = TFOH(L)*FBLRU*BOSBL/MTOBFL TF

STDUM = TFOH(L)*FBLRU*OSEIL/MTBFL

RDUM = TFOH(L)*ROP/MTBFL
NLSPRS =(AINT(NOE4*(YDUM + SUF(2)*SORT(YDaUM))+.999)

I + AINT(NOEI*(ZDUM + SUF(2)*SQRT(ZI, M))+.999)
2 + AINT(TDUM+#999) + AINT(SDUM+.9S97) + AINT(RE'UM+.999)
3 )*ISPR(J) - NSPRL(J)

20 IF (NLSPRS *LT. 0.) GO TO 25
NSPRL(J) = NSFRL(J) + NLSPRS -

NRCOS(Iylr1= NRCOS(Iv1) + NLSPRS*LUCOS(J)
C
C *REPLE'UISHMENT LRUS (RECURRING)
C
25 RLSFRS =AINT((TFOH(L)*CONEI(J)/MTBFL)+.999)

RLCOS(Iv1) = RLCOS(Ir1) + RLSPRS*KLUCOS(.j)*(l + LMKUP)
C
(1 *SRU INITIAL ANDI REPLACEMENT SPARES
C

IF (NSRU(J) .EQ. 0) GO TO 60
DO 50 K =1, NSRU(J)

MTBFS = SMTBF(JPK)
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IF (MTEBFS #EQ. 0., GO TO 5P,
XRTSB = RTSB(JPK)

C
C *INVESTMENT SRUS (NONRECURRING)
C *DETERMINE IF SRU(JtK) IS REPAIRABLE OR NON-REPAIRABLE
C

IF (ITWS(JPK) .EQ# 1) GO TO 30
C
C *REPAIRABLE SRUS
C

XE'UM =TFOH(L)*(FE4LRU*JRTS*XRTSB*BMT)/(NOB*MTBFS)
YIJUM = TFOH(L)*(FBLRU*(JRTS*(l-XRTSEI)+(l-JRTS))*DMT)/(NOEI*

+ tITBFS)
C

BSRU = INT(NOB*(XE'UM + SUF(3)*SQRT(XE:UM))+.999)*NOSRU(JK)
MINSRU = (XMINB*NOE4*NOSRU(JK) )/LCOMS(JiK)

IF (E4SRU *LT. MINSRU) E4SRU = MINSRU

I ~DSRU = INT(NOD*~(YtIUM + SUF(3)*SQRT(YDiUM))+.999)*KNOSRU(JK)
MINSRU = (XMiINB*NOEI*NOSRU(JK))/LCOMS(JK)
IF (EISRU .LT. MINSRU) E'SRU = MINSRIJ

C
C NN-SREP=AIBRAB +SRUS *SR(Y)-NPBJK

C

30 XE'UM = TFOH(L)*FBLRU*JRTS*BSOB/(NOB*MTE1FS)
YtIUM = TFOH(L)*FE4LRU*( 1-JRTS)*BSOEI/(NOD*MTECFS)
WDUM = TFOH(L)*FBLRU*JRTS*OSE4/MTBFS
TEIUM = TFOH (L )*FBLRU* (1-JRTS) *OSE,/MTE4FS
SEIUM = TFOH(L)*ROP/MTBFS
NSSFRS = U(AINT(NOE4*(XEIUM + SUF(3)*SQRT(XDUM))+.999)

1 + AINT(NOD*(YE'UM 4+ SUF(3)*SQRT(YDUM))+.999)
j2 +AINT(WE:UM+.999)+AINT(TE'UM+.999)+AINT(SEIUM+.999))

3 *NOSRU(JPK))*ISPRB(JiK) - NSPRE{(Jt()
40 IF (NSSPRS .LT. 0.) GO TO 45

NSPRB(JtK) =NSPRE4(JK) + NSSFRS
NRCOS(Irl) = NRCOS(Ip1) + NSSFRS*SUCOS(JtK)

c*REPLENISHMENT SRUS (RCRIG

C
45 RSSPRS = AINT((TFOH(L)*CONEIB(JK)*NOSRU(JK)/MTE'FS)+.999) V

RLCOS(Itl) = RLCOS(Iy1) + RSSPRS*SUCOS(JtK)*(I+SMKUP)
50 CONTINUE
60 CONTINUE

IF (I .EQ. NYRS) MFLAG =0H

RETURN
END
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C SUBROUTINE ONSITEIC
C THE MODULE ONSITE DETERMINES THE ANNUAL COST OF ON-SITE MAINTE-
C NANCE FOR EACH OF THE INDEPENDENT MLS GROUND SYSTEM TYPES
C THROUGHOUT THE LIFE CYCLE. THE NONRECURRING PORTION OF THIS
C COST ELEMENT IS ZERO; THE RECURRING COSTS INCLUDE THE COSTS OF
C REMOVE AND REPLACE ACTIONS AND' PREVENTIVE MAINTENANCE.
C

SUBROUTINE ONSITE(IiLYNYRS)
C
C *ESTABLISH COMMON BLOCKS
c

COMMON/ANNDAT/BITiFBLRUGSYS(25) ,NBAS(25) ,NDEP(25) ,NNGS(25),
1 NOBPNODvNRGS(25)rRTSSvTFOH(25)vYEAR(25)
COMMON/GENDAT/CMILESCPMIMINBtMINBPMINE'PMINJPPMILESSUF(3),
I XMINB
COMMON/HOURS/BHOURS(25) PCBHRS(25) ,CMHRS(25) ,EHOURS(25)PEMHRS(25)t
1 PMHRS(25)
COMMON/LABOR/CPFCFITTPFTSMTRRPMTTRPNFCNSCATOTSLR(6) PPCON(3),
1 PMMH(10),SDIF(6)tSLR(6)tTRT~PTRTEITRTP
COMMON/LCOSTS/BLABOR(25) iCBCOST(25) ,CMCOSI (25) ,DLABOR(25),
I EIMCOST(25) ,PMCOST(25)
COMMON/LOGIST/NRCOS(25t9) ,RLCOS(25v9) ,TCOSL(25) YTCOSN(25)p
1 TCOSR(25)PTLLCOS(25)tTNRCCS(25),TRLCOS(25),LOGYR
COMMON/PRSNNL/BPERS(25) tCBPER(25) PCMPER(25) ,DMPER(25) ,DtERS(25),
1 PMBPMDPPMJPPMPER(25) iPRODBYPRODL"PRODJPTCOSBP
2 TCOSDPTCOSJ(6)FTRBPTRDPTRJ(6)
COMMON/SYSDAT/AFHRtAMCOSCPKWHRJ)FHRE'ISTtNDS(3),

i NOKWHRNRL(25-3) ,NWS(3) PPQTYtUCOtUMTBF
C
C *DECLARE VARIAtBLES
C

INTEGER FI(10),YMES(3)tMS(3),NCNtISNRLNSCATNUSGSYSYEAR
INTEGER XMINBiNFC
REAL AFHRAMCOSDFHRtDIST'RLF(3) ,CPFC
REAL FITTPFTStMTRRvMTTRtNRCOSPOTSLRtFCON~PPD(3)vPE(3)PPMMH
REAL POTYRLCOSRSF(3) ,SDIF~PSHFTSLRSMMHC,5MMHPspTCOSL
REAL TCOSNi TCOSR ,TLLCOS tTNRCOSi TRLCOS, TRT, TRTD, TRTP ,UCOS ,UMTBF
REAL XNOFDtXNOFUNOKWHR

DATA MFLAG/0/

c *NONRECURRING COSTS
C
c NRCOS(Ir2) = 0.0
C
C *RECURRING COSTS

C *COST OF CORRECTIVE MAINTENANCE
C

CC *INITIALIZE MAINTENANCE VARIABLES TO ZERO
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MFLAG = MFLAG + 1
IF (MFLAG oNE. 1) GO TO 7
DO 5 J = 1, NYRS

CMHRS(J) - 0.0
PMHRS(J) - 0.0
CBHRS(J) - 0.0
DMHRS(J) = 0.0
BHOURS(J) = ,0
DHOURS(J) = 0.0
BLABOR(J) = 0°0
CBCOST(J) = 0.0
CMCOST(J) = 0.0
DLABOR(J) = 0.0
DMCOST(J) = 0.0
PMCOST(J) = 00
BPERS(J) = 0.0
CBPER(J) = 0.0
CMPER(J) = 0.0
DMPER(J) = 0.0
DPERS(J) = 0.0
PMPER(J) = 0,0

5 CONTINUE
C

7 PTRAV = 0.0
CTRAV = 0.0

C *AVERAGE NUMBER OF FAILURES PER YEAR
C XNOF = AFHR/UMTBF ,
c

C *AVERAGE NUMBER OF WEEKDAY FAILURES
C

XNOFD = 260*DFHR/UMTBF
C

C *AVERAGE NUMBER OF WEEKEND FAILURES
C

XNOFW = XNOF - XNOFD
C
(C *AVERAGE (DAILY) WEEKEND OPERATING HOURS PER SYSTEM
C

EOH = AFHR/104 - 2.5*DFHR
C
C *INITIALIZE MAINTENANCE SHIFT IDENTIFIERS
C

DO 10 J = 1, 3
MS(J) = 1
MES(J) = 1
F'D(J) = 0.
PE(J) = 0o

10 CONTINUE

c

C *DETERMINE DAILY AND WEEKEND FAILURE ALLOCATION FACTORS
C
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IF (DFHR .LE. 16.) 00 TO 20
PD(1) a s333
PD(2) a .333
PD(3) a .333

20 IF (DFHR .LE. 8.) PD(l) = 1.
IF ((DFHR .LE. 8.) *OR. (DFHR .GE. 16.)) GO TO 30
PD(1) = .5
PD:(2) = .5

"30 IF ((EOH .GT. 0.) °AND. (EOH .LT. 8.)) PE(1) = 1.
IF (EOH ,LE, 16.) GO TO 40
PE(1) = .333
PE(2) = .333
PE(3) = .333

40 IF ((EOH *LE* 8.0 *OR* (EOH *GT. 16.)) GO TO 50
PE(1) = ,5•
PE(2) = .5

50 CONTINUE
C

C *SET PREVENTIV"% MAINTENANCE FREQUENCY IDENTIFIERS

DO 60 J = 1, 10
FI(J) = 0
IF (PMMH(J) .NE. 0) FI(J) 1

60 CONTINUEIC
C *DETERMINE DAILY AND WEEKEND SHIFT IDENTIFIERS

DO 80 J = 1, 3
RSF(J) = 0.
IF (NDS(J) .LE. 2) MS(3) = 0
IF (NDS(J) .EQ. 1) MS(2) = 0
IF (NWS(J) .LE. 2) MES(3) = 0
IF (NWS(J) .LE4 1) MES(2) = 0
IF (NWS(J) .EQ. 0) MES(1) = 0

C
C *DETERMINE REGULAR SHIFT MAINTENANCE DEMANDS
C

DO 70 K = 1, 3
RSF(J)=RSF(J)+NRL(LJ)*(PD(K)*XNOFD*MS(K)+PE(K)*XNOFW*MES(K))
MS(K) I

MES(K) 170 CONTINUE
C
C *NON-REGULAR SHIFT MAINTENANCE DEMANDS

SRLF(J) = XNOF*NRL(LJ) - RSF(J)80 CONTINUE'/

C
C *TOTAL CORRECTIVE MAINTENANCE (CM) LABOR HOURS PER ACTION
C

SMMHC = 2*TRT + FITT + FTS*MTTR + (1-FTS)*MTRR
C
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DO 90 J =1, 3
C

SHFT =1.

IF (J #EQ. 3) SHFT =SE'IF(NSCAT)
C
C *CM DEMAND (HOURS) PER RESTORATION LEVEL

CMDEM = (RSF(J) + RLF(J)*(1-PCON(J)))*SMMHC*SHFT

C *DETERMINE NUMBER OF SHIFTS PER WEEK FOR RFSTORATION LEVEL J
C

NSHFT = 5*NtJS(J) + 2*NWS(J)
IF (CMDEM EQ* 0) NSHFT 1

C *NCLUDE PERSONNEL SUFFICIENCY FACTOR IN DETERMINING REQUIRED
C *NUBER OF REPAIR PERSONNEL

NC

IF (NWS(J) *NE. 0) NC = 1
- C

C *PM DEMAND (HOURS) PER RESTORATION LEVEL PER FACILITY TYPE
C

PMHRS(I)=PMHRS(I)+NRL(LJ)*((260+104*NC)*(2*TRTD+PMMH(l) )*FI(l)
1 + 52*(2*TRT+PMMH(2))*FI(2) + 12*(2*TRT+PMMH(3))*FI(~3)
2 + 4*(2*KTRT+PMMH(4))*FI(4) + 2*(2*TRT+PMMH(5))*FI(5)
3 + (2*TRT+PMMH(6))*FI(6) + (780+312*NC)*(!*TRTD+PMMH(7))*
4 FI(7) + (130+52*KNC)*(2*TRT+PMMH(8))*FI(8) + 104*(2*TRT+
5 PMMH(9))*FI(9) + 26*(2*TRT+PMMH(10))*FI(10))*SHFT

c *CALCULATE COST OF TRAVEL TO SITE FOR PM

PTRAV = PTRAV + 2*NRL(LvJ)*((260+104*NC)*FI(1)+52*FI(2)+12*FI(3)
1 + 4*FI(4) + 2*FI(5) + FI(6) + (780+312*NC)*FI(7)
2 + (130+52*NC)*FI(8) + 104*FI(9) + 26*FI(10))*PMILES*CPMI

C
90 CONTINUE
C
C *TOTAL CALL-BACK LABOR HOURS PER ACTION PER FACILITY TYPE

C
SMMHP = 2*TRTP + FITT + FTS*MTTR + (1-FTS)*MTRR
IF (SMMHP *LT, 2.) SMMHP = 2.
CBHRS(I) = RLF(2)*PCON(2)*SMMHP
DMHRS(I) = DMHR.S(I) + CMHRS(I) + PMHRS(I) + CBHRS(I)

C
C *CALCULATE NO. OF TECHNICIANS REQUIRED FOR CM7 PM, AND CALL-BACKS
CI CMPER(I) = (CMHRS(I)/(PMJ*PRODJ))*MINJP

PMPER(I) = (PMHRS(I)/(PMJ*PROEIJ) )*MINJP
CE4PER(I) = (CBHRS(I)/(PMJ*PRODJ))
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177 -'

DMPER(I) CIIPER(I) + PMPER(I) + CBPER(I)
C
C *CALCULATE COST OF TECHNICIANS (PMCOST INCLUDES FLIGHT CHECKS)
C

CMCOST( I) - CMHRS( I)*SLR(NSCAT)/PMJ
PMCOST(I) - PMHRS(I)*SLR(NSCAT)/PMJ + NFC*CPFC
CBCOST( I) =CBHRS( I)*OTSLR(NSCAT)/PMJ
DMCOST(I) - CMCOST(I) + PMCOST(I) + CBCOST(I)

C *CALCULATE COST OF TRAVEL TO SITE FOR CM

C
CTRAV = TFOH(L )*CMILES*CPMI/UMTBF

C *TOTAL RECURRING ON-SITE MAINTENANCE COSTS
C

RLCOS(1I2) = RLCOS(IP2) + EIMCOST(I) + CTRAV + FTRAV
C

IF (I .EQ. NYRS) MFLAG 0 3
RETURN
END
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SUBROUTINE OFSITE(IPLYNYRS)

C THE MODULE tIFSITE DETERMINES THE COSTS OF OFF-SITE MAINTENANCE
C AND INCLUDES THE RECURRING COSTS OF MATERIALS, LABORP AND SHIP-
C PING INCURRED IN THE REPAIR OF FAILED UNITS. THE NONRECURRING
C PORTION OF THIS COST ELEMENT IS NON-EXISTENTP I.E. NRCOS(IY3)
C =0.

C *ESTABLISH C..MMON BLOCKS
C

COMMON/ANNDAT/BITFFBLRUPGSYS(25) ,NBAS(25) ,NDEP(25),
1 NNGS(25),NOBNODNRGS(25),RTSSTFOH(25),YEAR(25)
COMMON/ý(ASDEP/BLRBMTDLRPDMTFOCBtFOCDSHCSSHCXMILPYMIL
COMMON/HOURS/BHOURS(25) ,CBHRS(25) ,CMHRS(25) tDHOURS(25) ,DMHRS(25)7
1 F.MHRS(25)
COMMON/LCOSTS/BLABOR(25) ,CBCOST(25) ,CMCOST(25) ,ELABOR(25)v
1 DMCOST(25) ,PMCOST(25i)
COMMON/LOGIST/NRCOS(25v9)PRLCOS(25,9),TCOSL(25),TCOSN(25)I
I TCOSR(25)tTLLCO3(25),TNRCOS(25),TRLCOS(25),LCGYR
COMMON/LRUDAT/BMC(20),COND(20),DMC(20),ESPR(20),ITWL(20),LCOML(20)

I ,LMKUPLMTBF(2O>,LMTTR(2O),LUCOS(20),NLRUNSRU(2O)v
2 RTLB(20)PRTS(20)PWT(20)
COMMON/FRSNNL/BPERS(25) ,CBPER(25) ,CMPER(25) ,DMPER(25) ,DPERS(25),

1 PMBPMDPMJPMPER(25) iPRODBvPRODDPPRODJP TCOSBi
2 TCOSDPTCOSJ(6)PTRE4,TRDPTRJ(6)
COMMON/SRUDAT/BMCS(2O,20)iCONDB(20,20)vDMCS(20,20),ITbiS(2Ov2O)I

1 LCOMS(20,20),NOSRU(20,20),RTSB(20,20),SMKUP,
2 SFITT(20920),SMTBF(20920),SMTTR(20,20),SUCOS(20,20),
3. WTB(20920)PISPRB(20920)

C
C *DECLARE VARIABLES

INTECER GSYSPITWLP ITWSLCOMLLCOMSNBASNDEPNLRUNNGSPNOBINOD
INTEGER NOSRUPNRGSgNSRUgXMILYEAR'YMIL
REAL E4LREMCBMCSBMT FCONDPCONDBDLRDMCDMCSDMT ,FBLRUFOCB
REAL FOCDJRTSLMKUPLMTBFLMTTRLUCOSMTBFLMTBFS
REAL NRC9SRLCOSRTLBPRTSPRTSBSHCPSMKUPSMTBFPSMTTRYSSHC
REAL SUCOSTCOSLTCOSNTCOSRTFOHTLABORTLLCOSTTMATTNRCOS
REAL TRLCOSYTSHIPtWTWTBXLMATXBLREPXDLREPXLSHPtXLTTRtXRT SB
REAL XSMATPXBSREPPXDSREP, XSSHPg XSTTR
DATA MFLAG/0/

C
MFLAG = MFLAG + 1

C

IF (MFLAG *NE. 1) GO TO 7
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DO 5 K ly1 NLRU
SYSWT SYSWT + WT(K)le

5 CONT INUE A
.7 NRCOS(It3) = NRCOS(It3) + SYSWT*GSYS(L)*(YMIL*SSHC + XMlL*SHC)

C *RECURRING COSTS
S.

C *INITIALIZE DUMMY VARIABLES TO ZERO
C

XLMAT = 0.0
XSMAT = 0.0
XSLREP = 0.0
XDLREP = 0.0
XBSREP =0.0
XDSREP -0.0

XLSHP =0.0
XSSHP - 0.0
XLTTR -0.0
XSTTR - 0.0

(1 *CALCULATE COSTS FOR LRU LEVEL OF MAINTENANCE
C

DO 20 J ly1 NLRU
JRTS RTS(J)'IMTBFL aLMTIU(J)
IF (MTBFL .EQ. 00) GO TO 20IC
XLMAT - XLMAT + FBLRU*(JRTS*RTLBi(J)*BMC(J) + (JRTS*(l-RTLB(J)) +:11 (1-JRTS))*DMC(J))/MTBFL

c LABOR--LRU(J)

XE4LREP = XEILREP + FBLRU*JRTS*LMTTR(J)*RTLE4(J)*(l-ITWL(J))/MTBFL
XEILREP = XDLREP + FB4LRU*JRTS*LMTITR(J)*( 1-RTLBi(J) )*( 1-ITWL(J))

+ /MTBFL
C
C *SHIPPING--LRU(~J)
C

XLSHP =XLSHP + (WT(J)*(FE4LRU*~((1-JRTS) + JRTS*(1-RTLB(J)))*2
1 *YMIL*SSHC*(l-ITWL(J)) + (FtILRU*(l-JRTS)X(YMIL*SSHC +
2 XMIL*SHC)*IIWL(J)))/MTBFL)

C
C *WEIGHT OF EQUIPMENT SHIPPED' TO REPLACE CONDEMNED LRU(J)S
C

XLTTR =XLTTR + WT(J)*CONI'(J)/MTE4FL

c *CALCULATE COSTS FOR SRU LEVEL OF MAINTENANCE
C I

IF (NSRU(J) *EQ* 0) GO TO 20 P1
E - 25



DO 10 K =1? NSPU(J)
XRTSB -RTSB(JvK)
tlTBFS =SMTBF(JvK)

IF (1ITBFS *EQ. 00) GO TO 10I

C *MATERIALF_--SRU(JiA)
C *

XSMAT XSHAT + NOSRU(JK)*FBLRU*(JRTS*XRTSB*BMCS(JYK) +

1 (JRTS*(1-XRTSB) + (I-JRTS))*DMCS(JvK))/tITIF'S

c *LABOR---SRU(JYK)

XBSREP = XBSREP + NOSRU(JK)*FBLRU*JRTS*XRTSB*SMTTR(JPK)
+ *(1-ITWS(JPK))/MTBFS

XDSREP = XDSREP + NOSRU(JK)*FIILRU*(JRTS*( 1-XRTSB)+( 1-JRTS))I + *SMTTR(JPK)*(1-ITWS(JPK) )/MTE4FS

S C *SHIPPING--SRU(JPK)

XSSHP =XSSHP + NOSRU(JK)*(WTB(JK)*K((FBLRU*JRTS*(1-XRTSB)*2*

I YMIL*SSHC*(1-ITWS(JPK))) + (FBLRU*JRTS*(YMIL*SSHC +I
2 XMIL*SHC)*ITWS(JPK)))/MTE4FS)

c
C *WEIGHT OF EQUIPMENT SHIPPED TO REPLACE CONDEMNED' SRU(JvK)S
C

XSTTR=XSTTR+NOSRU(JK)*cWTB(JK)*CONDiB(JK)/MTBFS
10 CONTINUE
20 CONTINUE
C
C *MAKE FINAL CALCULATIONS IN EACH SUB-CATEGORY
C
c *COST OF MATERIALS
c

TMAT = TFOH(L)*(XLMAT + XSMAT)
C
C *COST OF LABOR
C

E4HOUR K=TFOH(L)*(XBLREP + XBSREP)
EIHOURbs1.) = TFOH(L)*(XDLREP + XDSREP)
BPERS (I) = BHOURS (I)1(PMB*PRODB)
DPERS( I) = DHOURS( 1)/ (PMD*PRODD)
E4LABOR(I) = BPERS(I)*PRODB*E4LR ~
IILABOR (I) =DPERS (I )*PRODD*DLR
TLABOR = BLABOR(I) + DLABOR(I)

C
c *COST OF SHIPPING
C

TSHIP = PACK*TFOH(L)*((XLTTR + XSTTR)*(YMIL*SSHC + XMIL*SHC)
1 + (XLSHP + XSSHP))

C

RLCOS(I,3) = RLCOS(I,3) + TMAT + TIABOR + TSHIP
C

IF (I *EQ* NYRS) MFLAG =0

RETURN
END
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SUBROUTINE INVENT (IP NYRS)

c THE INVENI MODULE DETERMINES THE 1NONRECURRING COSTS OF FIRST-
C TIME INVENTORY ENTRY AND THE RECURRING COSTS OF MAINTAINING
C THAT INVENTORY,

c *ESTABLISH COMMON BLOCKS

COMMON/ANNDAT/BITiPFBLRU,6SYS(25) vNBAS(25) ,NEEP(25),
1 NNGS(25),NOBNODNRGS(25)vRTSSTFOH(25),YEAR(25)
COMMON/LOGIST/NRCOS(2599)PRLCOS(25,9),TCOSL(25>,TCOSN(25)v
1 TCOSR(25),TLLCOS(25),TNRCOS(25),TRLCOS(25),LOGYR
COMMON/STOCK/HOLD, IAMCFNNIC

C
C *DECLARE VARIABLES
C

INTEGER GSYStNBASNDEPNNGSNOBPNODPNRGSvNYRSMFLAG.YEAR
REAL BITiFBLRUHOLDF IAMCNRCOSRLCOSNNIC
REAL TCOSLtTCOSNTCOSRTFOHTLLCOStTNRCOSPTRLCOS
DATA MFLAG/O/

C

C *NONRECURRING COSTS

CI
MFLAG = MFLAG + 1
IF (MFLAG .NEs 1) GO TO 10
NRCOS(IP4) = NRCOS(IP4) + IAMC*NNIC

CI
C *RECURRING COSTS
C

10 RLCOS(It4) = RLCOS(IP4) + NNIC*HOLD
IF QI .EG. NYRS) MFLAG =0

RETURN
END
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SUBROUTINE SPTEOP(ItLYNYRS)
'4 C

C THE SPTEOP MODULE DETERMINES THE NONRECURRING COST OF ACQUIRING
C HUD (BASE) AND DIEPOT SUPPORT EQUIPMENT SETS IN SUFFICIENT NUM-
C BERS TO SATISFY EXPECTED DEMANDS AND THE RECURRING COSTS OF
c OPERATING THOSE EQUIPMENT SETS.
C
C *ESTAB4LISH COMMON BLOCKS

COMMON/ANNDAT/141TFBLRUGSYS(25) PNBAS(25) ,NDEP(25),ffI NNGS(25),NOBNODNRGS(25),RTSSPTFOH(25),YEAR(25)
COMMQN/E4ASSPT/AVALB(IO),BETA(1O),BFITJSEBLCOMB(1O),MINSEB,
1 MSEBO(IO)PSECOB(IO)vUSECOB(1O),UTILB(1O)
COMMON/DEPSPT/AVALD(10)vEIETA(1O),DFITJSEDPLCOMD(1O),MINSED,
1 MSEDO(10> ,SECOD(10) PUSECOD(1O) ,UTILD(1O)
COMMON/LOGIST/NRCOS(2599),RLCOS(25,9),TCOSL(25),TCOSN(25),
1 TCOSR(25)PTLLCOS(25),TNRCOS(25)PTRLCOS(25)tLOGYR
COMMON/SYStiAT/AFHRAMCOSYCPKWHRPDFHRtDISTNDS(3),
1 NOKWHRNRL(25P3)PNUS(3),PQTYPUCOStUMTBF

C
C *DECLARE VARIABLES

INTEGER GSYSPJSEBvJSEDLCOM~t'LCOMDMINSEBMINSEDNE'S
INTEGER NNGSPNOBNOE'vNRLNRGSNSEB(1O),NSED(1O),NWSXNSEB
INTEGER XNSEDP~YEAR, YNSEEIPYNSED
REAL AFHRPAMCOSAVALE4,AVALDBETAE4FITDETAvDFHRDFIT
REAL DIST vFBLRUMSEBOMSEDONNSEBNNSED
REAL NRCOS~PPTY ,RLCOSRNSEBtRNSEDSECOE4,SECOE',TCOSL
REAL TCOSNtTCOSR'TFOHPTLLCOSPTNRCOSiTRLCOSPUCOSUMTBFUTILB
REAL UTILDUSECOBUSECOE',XRSEBT4XRSEE'rYRSEBYRSEDNOKWHR

C DATA MFLAG/O/

C *INITIALIZE VARIABLES
C

NNSEB = 0.
NNSED = 0.
RNSEB =0.
RNSED = 0.,
MFLAG = MFLAG + 1
IF (MFLAG *NE* 1) GO TO 5
IF (JSEB *EQ. 0) GO TO 3
DO 2 J = It JSEB
NSEB(J) = 0

2 CONTINUE
3 IF (JSED .EQ. 0) GO TO 5

DO 4 J = 1, JSED I
NSED(J) =0

4 CONTINUE

C *B1ASE SUPPORT EQUIPMENT



5 IF (JSEE4 .EQ. 0) GO TO 12

DO 10 J It1 JSEE4

C *NONRECURRING COSTSj
CFXSBL.NE)NEYSE

XNSEB = INT(TFOH(L)*BFIT*UTILE4(J)/(UMTEIF*AVALE(J)*BETA(J)))
YNSED a MINSEB*NOB/LCOME'(J)

NESEB(J =NSEB(J - NSEWPT

YRSEB = MSEBO(+ NESEE4(J) B(J

RNSEB(J RNSEB(J + XREWSP

10 *RCONTINUE COT
C

12 IF (JSED LEQ. 0) EB G9SE TO 25

C0 CNONTINECUR OT

XNSED = INT(TFOH(L)*DFIT*UTILD(J)/(UMTBF*AVALD(J)*E'ETA(J)))
YNSED = MINSEtI*NOD/LCOMD(J)
IF (XNSED .LT* YNSED) XNSED = YNSEE'
NEWSPT = XNSEtI - NSED(J,
IF (NEWSPT *LT* 0) GO TO 15
NNSED =NNSED + NEWSPT*USECOD(J)
NSED(J) = NSED(J) + NEWSPT

C
C *RECURRING COSTSJ
C
15 XRSED =TFOH(L)*DFIT*UTILD(J)*SECOE'J)/UMTBF*AVALD(J)*EETA(J')

YRSED =MSEDO(J)*NSEtI(J)
IF (XRSED *LT. YRSED) XRSED =YRSED
RNSED =RNSED + XRSED

20 CONTINUE C *TTALNONRCURING OST SPCIALSUPORT QUIMEN
C

25 NRCOS(I95) = NRCOS(Iv5) + NNSEE4 + NNSED
C
C *TOTAL RECURRING COSTP SPECIAL SUPPORT EQUIPMENT
C

RLCOS(IPS) =RLCOS(Iv5) + RNSEEB + RNSED
C

IF ( I .EQ* NYRS) MFLAG = 0
RETURN
END
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V SUBROUTINE PERSON(IPLYNYRS)

C THE MODULE PERSON DETERMINES THE NUMBER OF NEW REPAIR PERSONNEL

C REQUIRED TO MEET EXPECTED REPAIR DEMANDS P THE NONRECURRING
C COST OF INITIAL TRAINING AND THE RECURRING COST OF TRAINING
C PERSONNEL TO REPLACE THOSE LOST TO PERSONNEL TURNOVER*
C

*ESTABILISH COMMON BLOCKS

COMMON/ANNDAT/t4IT7FBLRUGSYS(25) ,NBAS(25) ,NDEP(25),
I NNGS(25)'NOBtNOE',NRGS(2S)iRTSSTFOH(25)tYEAR(25)
COMMON/GENDAT/CMILESCPMI vMINBPMINBPMINDPMINJPPPMILESvSUF(3)9 -

1 XMINB
COMMON/LABOR/CPFCFITTvFTSPMTRRPMTTRNFCNSCATOTSLR(6) ,PCON(3)I
1 PMMH(10)PSDIF(6),SLR(6),TRTTRTEIPTRTP
COMMON/LOGIST/NRCOS(25,9) ,RLCOS(25,9) ,TCOSL(25) ,TCOSN(25),
1 TCOSR(25),TLLCOS(25)wTNRCOS(25),TRLCOS(25),LOGYR
COMMON/PRSNNL/BPERS(25) ,CBPER(25) ,CMPER(25) ,DMPER(25) ,DPERS(25)?
1 PMB ,PMD ,PMJ, PMPER (25) ,PRODB, PRODDtPRODJ ,TCOSB,
2 TCOSDvTCOSJ(6)YTRBPTRDiTRJ(6)

C
C *DECLARE VARIABLES
C

INTEGER GSYSMINBMINBPMINDPMINJPNE4ASNDEPNNGSNOBNOD
INTEGER NRGSvXMINBPYEARtNBPERtNDPERFNJPERNPERBvNPERt',NPERJ
INTEGER BASEPtDEEPOTPtPrMPERS

REAL NRCOS, PMBP~PMDYPMJFMTRRYMTTR
REAL PRODB - tD iPRODJ ,RLCOS ,RTSS ,SUF YTCOSB ,TCOSD, TCOSJ 1TCOSL
REAL TCOSN9' .uoRTFOHPTLLCOSTNRCOSTRBTRDTRJTRLCOS
DATA MFLAG/0/

C
C *INITIALIZE VARIABLES
C

MFLAG = MFLAG + 1
IF (MFLAG 4NE, 1) GO TO 10
NPERJ =0
NPERB = 0
NPEFZD = 0

C
10 NJPER =0

NBPER = 0
NEIPER = 0

C
C *NONRECURRING COSTS (INITIAL TRAINING)
C
C *JOURNEYING REPAIR PERSONNEL
C

DMPERS = INT(EIMPER(I) + o999)
IF (DMPERS oLT4 NPERJ) GO TO 20
NJPER - DMPERS -NPERJ

NPERJ = DMPERS
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C
C *BiASE REPAIR PERSONNEL

20 BASEP = INT(EIPERS(I + .999)
IF (BASEP *LT* NPERB) 0O TO 30

C
C *DEPOT REPAIP PERSONNELC4
30 DEPOTP = INT(DPERS(I + .999)

IF (DEPOTP *LT. NPERD) GO TO 40
NDPER =DEPOTP - NPERD
NPERD = DEPOTP

C
C *TOTAL NONRECURRING
C
40 NRCOS(I96) = NRCOS(I96) + NJPER*TCOSJ(NSCAT) +

+ NBPER*TCOSB + NDPER*TCOSD
C
C *RECURRING COST (DUE TO PERSONNEL TURNOVER)
C g

RLCOS(1v6) = RLCOS(IP6) + NPERJ*TCOSJ(NSCAT)*TRJ(NSCAT)
+ + NPERB*TCOSB*TREB + NPERE'*TCOSD*TRD

C
IF QI oEQ. NYRS) MFLAG 0
RETURN
END
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SUE4ROUTINZ. DATMGT( I NYRS)

C THE DATMOT MODULE DETERMINES THE COST OF DATA MANAGEMENT. THE
C NONRECURRING COSTS CONSIST OF THE COST OF SUPPLYING EACH OF THE
C BASES AND DEPOTS WITH THE REQUIRED EQUIPMENT AND REPAIR MANUALS;
C THE RECURRING COSTS CONSIST OF THE COSTS OF KEEPING THOSE MANU-
C UALS UP-TO-DATE.
C
c *ESTABL ISH COMMON BLOCKS
C

COMMON/ANNDAT/BITtFBLRUGSYS(25) ,NBAS(25) ,NtEP(25),
1 NNGS(25),NOBNODNRGS(25),RTSSTFOH(25)tYEAR(25)
COMMON/DOCMGT/CPNPtCPPt'NNPBtI NNPDDP NPBD NPDD
COMMON/LOGIST/NRCOS(25,9),RLCOS(2599)tTCOSL(25),TCOSN(25)7
1 TCOSR(25)PTLLCOS(25)tTNRCOS(25),TRLCOS(25),LOGYR

C *DECLARE VARIABLES
C

INTEGER !3SYSPvNBASt NDEPNNBAStNNGS, NNDEP ,NNPBDPNNPDDi NOB, NOD
INTEGER NPBDP NPDDPNRGS ,YEAR
REAL BITPCPNP, CPP PFBLRU, NRCOSPRLCOS PTCOSL ,TCOSN, TCOSR
REAL TFOH, TLLCOSv~TNRCOSt~TRLCOS
DATA MFLAG/0/

C
C *NONRECURR ING COSTS
C

MFLAG = MFLAG + 1II
IF (MFLAG oNE, 1) GO TO 10
NNBAS = NOD
NNDEF = NOD
GO TO 20

10 NNBAS =NOD - NBAS(I-1)
NNDEP = NOD - NDEP(I-1)

20 KLDUM =FLOAT(NPBD)*FLOAT(NNBAS)
YDUM = FLOAT(NPDD)*FLOAT(NNDEP)
NRCOS(It7) = NRCOS(Ip7) + CPP*(XDUM + YDUM)

I-

C *RECURRING COSTS
C

RLCOS(Iv7) = RLCOS(Iv7-) + CPNP*(NNPB[EINOB + NNPDD*NOD)
C

IF (I .EQ* NYRS) MFLAG 0
RETURN
END
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Hi
SUBROUTINE OPFAC(I)

C THE MODULE OPFAC DETERMINES THE COST OF OPERATING THE REPAIR
C FACILITIES AT THE BASE AND DEPOT REPAIR LEVELS. IT IS ASSUMED

* C THAT NO NEW REPAIR FACILITIES WILL BE CONSTRUCTEDY MAKING THE
C NONRECURRING COST ZERO, THE RECURRING COST IS THE COST OF
C FACILITY OPERATION WHICH IS ATTRIBUTABLE TO MAINTAINING THE MLS
C GROUND SYSTEMS.

C *ESTABLISH COMMON BLOCKS

COMMON/ANNDAT/BITFBLRUPGSYS(25) ,NBAS(25) PNDEP(25),
I NNGS(25),NOBNODNRGS(25),RTSSTFOH(25),YEAR(25)
COMMON/BASDEP/BLRvBMTDLRPDMTPFOCBPFOCDvSHCPSSHCPXMILYMIL
COMMON/LOGIST/NRCOS(25,9)ivRLCOS(2599),TCOSL(25),TCOSN(25),
I TCOSR(*25)tTLLCOS(25)vTNRCOS(25)vTRLCOS(25),LOGYR

C
C *DECLARE VARIABLES
C

INTEGER GSYSPNBASNDEPvNNGSNOBvNODNRGSXMILYEARYMIL
REAL BITBLRBMTDLRDMTFBLRUFOCEIFOCDNRCOSRLCOS
REAL SHCPSSHCTCOSLvTCOSNPTCOSRPTFOHTLLCOSPTNRCOSTRLCOS

C
C *NONRECURRING COSTS
C
C NRCOS(1#8) = 0.0
C
C *RECURRING COSTS
C

RLCOS(I98) =RLCOS(I98) + FOCE4*NOB + FOCD*NOD
C

RETURN
END
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SUBROUTINE SYSOP(IPL)
C
C THE SYSOP MODULE DETERMINES THE COST OF OPERATING THE GROUND
C SYSTEM EQUIPMENT,
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/ANNDAT/BITPFBLRUGSYS(25),NBAS(25)vNDEP(25)PNNGS(25)t
I NO0iPNODNRGS(25)PRTSSiTFOH(25)tYEAR(25)
COMMON/LOGIST/NRCOS(25,9),RLCOS(25,9),TCOSL(25),TFCOSN(25),
1 TCOSR(25),TLLCOS(25),TNRCOS(25),TRLCOS(25),LOGYR
COMMON/SYSDAT/AFHRPAMCOS ,CPKWHRPDFHR ,DISTtiNDS (3),

I NOKWHRNRL(25t3)tNWS(3),PQTYYUCOSUMTBF

C *DECLARE VARIABLES
C

INTEGER GSYSiLOGYRNBAStNDEPPNDSNNGSNOBNODNRGSPNRL
INTEGER NWSPYEAR
REAL AFHRAMCOSBITPCPKUHRPDFHRiDISTFBLRUPNOKWHRNRCOS
REAL PQTYPRLCOSYRTSSPTCOSLPTCOSNPTCOSRiTFOHTLLCOS9,TNRCOSA
REAL TRLCOS, UCOSPUMTEIF

C
C *NONRECURRING COSTS
C
C NRCOS(lv9) =0#0
C
C *RECURRING COSTS
C

RLCOS(Iy9) RLC-OS(1v9) + (TFOH(L)/AFHR)*NOKWHR*CPKWHR

RETURN

ENDj
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SUBROUTINE OUTONE

C THE SUBROUTINE OUTONE PRINTS THE LIFE CYCLE COSTS FOR THE
C INDIVIDUAL SYSTEM TYPES EVALUATED.
C
C *ESTABLISH COMMON BLOCKS

COMMON/PARAM/BASEYR, DSCNT NYRS, XDIS, XLRN TD IS
C
C *DECLARE VARIABLES
C

INTEGER BASEYRNYRS
LOGICAL*1 TDIS

C *CALCULATE TOTALS FOR LIFE CYCLE
C

CALL CUMTOT(NYRS)
CC *PRINT LIFE CYCLE COSTS FOR EACH SYSTEM TYPE IF DESIRED BY USER

C
IF (TDIS *NE* 'Y') RETURN
CALL PRTOUT(NYRS)

c
RETURN
END

II

V.!
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c ~SUBROUTINE CUMTOT N

C THE CUMTOT MODULE CALCULATES THE TOTAL LOGISTIC SUPPORT
C COSTS INCURRED EACH YEAR AND THE CUMULATIVE ACOUISITIONY
C INSTALLATIONi AND LOGISTIC SUPPORT COSTS INCURRED PRIOR TO
C YEAR I*
c

SUBROUTINE CUMTOT (NYRS)
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/ACGUIZ/ACOS(25)v TCOSA(25)
COMMON/ANNDAT/BlTiF'BLRUGSYS(25) ,NBAS(25i) NDEP(25),
1 NNGS(25)PNOBvNODNRGS(25),RTSSTFOH(25),YEAR(25)
COMMON/CAT/CLCC? CPROG(25)v TNRCAT(10)p TPROG(25)7 TRLCAT(10)

I~'J COMMON/INSTAL/ICOS(25)t INCOSP RICOSP TCOSI(25)9 INYEAR
COMMON/LOGIST/NRCOS(25v9)v RLCOS(25t9)9 TCOSL(25)9 TCOSN(25)p
1 TCOSR(25)tTLLCOS(25),TNRCOS(25),TRLCOS(2,ý)LooYR

C *DECLARE VARIABLES '
C L

INTEGER GSYSNBASNDEPNNGSPtOBNODNRGSNYRSYEAR

REAL ACOSBITCL~rCPROGFBLRUICOSINCOSNRCOSRICOSRLCOS -
REAL RTSSPTCOSA) ..DSIPTCOSLYTCOSNTCOSRTFOHPTLLCOSTNRCATTNRCOS
REAL TPROGvTRLCAT, TRLCOSpXDIS

C *INITIALIZE VARIABLES

C
DO I. I 17 NYRS

TCOSA(I) = 0.0
TCOSI(I) = 0.0
TCOSN(I) = 0,0
TCOSR(I) = 0.0
TCOSL(I) = 0.0
CPROG(I) =0.0

1 CONTINUE
DO 2 J = 1, 10
TNRCAT(J) = 0.0
TRLCAT(J) =0.0

2 CONTINUE
CLCC = 0.0

D0 30 lp 1 NYRS

CDO 10 J = 17 NYRS

C *DETERMINE CUMULATIVE ACQUISITION COSTS
C

TCOSA(J) =TCOSA(J) + ACCS(I)
C
C *DETERMINE. CUMULATIVE INSTALLATION COSTS
C

TCOSI(J) TCOSICJ) + ICOSCI)
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C

C *DETERMINE CUMULATIVE LOGISTIC SUPPORT COSTS
C

TCOSN(J) = TCOSN(J) + TNRCOS(I)
TCOSR(J) = TCOSR(J) + TP'OS(I)
TCOSL(J) = TCOSL(J) + TLLCOS(Il

C

C )*DETERMINE CUMULATIVE PROGRAM COSTS
S~C

CPROG(J) = CPROG(J) + ACO,(I) + ICOS(I) + TLLCOS(I)
10 CONTINUE

C *DETERMINE TOTAL PROGRAM COST FOR YEAR I
C

TPROG(I) = TLLCOS(I) + ACOS(I) + ICOSCI)
C
C *DETERMINE CUMULATIVE PROGRAM COST

CLCC = CLCC + TPROG(J)
,0C
C CDETERMINE TOTAL FOR EACH LOGISTIC CATEGORY
C

DO 20 J = 1, 9 •-
TNRCAT(J) = TNRCAT(J) + NRCOS(IJ)
TNRCAT(1O) = TNRCAT(IO) + NRCOS(IJ)
TRLCAT(J) = TRLCAT(J) + RLCOS(IJ)
TRLCAT(1O) = TRLCAT(10) + RLCOS(IJ)

20 CONTINUE
30 CONTINUE
C

RETURN
END

II

I A
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SUBROUTINE PRTOUT (NYRS)
C
C THE PRTOUT MODULE PRINTS THE ANNUAL LABOR HOURS REQUIRED'
C FOR EACH SYSTEM TYPE, THE NUMBER OF PERSONNEL REQUIRED' TO
C MEET THAT EXPECTED DEMANDY ANDI THE COST OF THOSE PERSONNEL.
C THE MODULE ALSO CALCULATES THE CUMULATIVE SUMS OF TH4E ABOVE
C AND PRINTS THEM IN A SECOND TABLE.
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/ANNDAT/BITFBLRUtGSYS(25) ,NBAS(25) ,NEEP(25),
1 NNGS(25),NOBNODNRGS(25),RTSSTFOH(25),YEAR(25)

COMMON/HOURS/BHOURS(25) ,CBHRS(25) ,CMHRS(25) tEHOURS(25) IEMHRS(25)I
1 PMHRS(25)

COMMON/LCOSTS/BLABOR(25) ,CBCOST(25) ,CMr'.r)T(C2,A ,EIPLABOR(25,v
1 DMCOST(25)PPMCOST(25)
COMMON/NAMES/NAMFACPSNAMEPUNAME
COMMON/PRSNNL/BPERS(25) ,CBPER(25) ,CMPER(25) ,DMPER(25) ,DPERS(25')I,
1 PMBPMDtPMJFPMPER(25) ,PRODBPRODDPRODiJTCOSBP
2 TCOSDPTCOSJ(6)PTRBPTRE',TRJ(6)

C
c *DECLARE VARIABLES
C

INTEGER BS~NArDPNGYOPOPRSNRv~YA
INTEGER*4 NAMFAC(4)
REAL BHOURSBITBLABORSPERSTBCOS(25) ,TCBCOS(25) ,TCMCOS(25)

REAL. TDCOS(25) ,TDMCOS(25) YCMCOSTtCMHRSCMFERtTPMCOS(25) I
REAL CBHR(25)vCBASEP(25)vCCBH(25)?CCBPER(25)vCCMH(25)
REAL CCMPER(25) ,CDHR(25') ,CDMH(25) ,CDMPER(25) ,CDEPPR(25)
REAL CPMH(25) ,CPMPER(25) DORFLBOFMO~DMEYPR
RLAL FBLRU, PMB, PMCOST ,PMD ,PMHRS ,PMJ PMPER ,PROEIBPRODDt
REAL PRODJtRTSSPTCOSPTCOSBTCOSt',TCOSJtTCO9TS(25) ,TFOH
REAL THOURS%'25) ,THRStTRBtTRDaTRJ
LOGICAL*1 SNAME(65) ,UNAME(35)

c
C *INITIALIZE VARIABLES
C

DO 1 1 =1, NYRS
CBHR(I) = 0.0
CCBH(I) = 0.0
CCMH(I) = 0.0
CDHR(I) =0.0
CDMH(I) = 0.0 4

CPMH(I) = 0.0
CBASEP(I) = 0.0
COBPER(I) = 0.0
CCMPER(I) =0.0
CE'MPER(I) = 0.0
CDEPPR(I) = 0.0
iPMPER(I) = 0.0
.8COS(I) =0.00
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TCBCOS(I) 0.0
TCMCOS(I) -:0.0

TDCOS(I) -0.0

TDM^CC3(I) =0.0
TPMCOS(I) a 0*C
THOURS(I) a0#0
TCOSTS(I) -0.0

1 CONTINUE
THRS =0.0

TS= 040

LB a
UB = NYRS/N0
NUM =NYRS - NO*(NYR5:/NO)

C
C *CALCULATE CUMULATIVE VALUES

k C
DO 711=,I NYRS

DO 5 J = It NYRS
C
C *DETERMINE CUMULATIVE MAINTENANCE LABOR HOURS
C

CBHR(J) = CBHR(J) + BHOURS(I)
CCBH( ' ) = CCBH(Jl + CBHRS(I)
CCMH(J) = CCMH(J) + CMHRS(I)

CDEPR'(J) = CD'PR(J) + EIPERS(I)

CPMHE(J) = CPMHERJ) + PMPER(I)

c ~*DETERMINE CUMULATIVE MAINTENANCE LARSORNE COSTS ET

TCBCOSE(J) = TCBACOS(J) + CBPEST(I)
TCMCOS(J) TCMCOSE(J) + CMCOST(I)
TCOSPE(J) = TE'COS(J) + CMLABR(I)
TDMCOS(J) = TtIMCOS(J) + DME'MO(I)

TPMCOS(J) = TPMCOS(J) + PMCOST(I)

C
C *DIETERMINE TOTUAL IEMINEAC LABORHOR AN COSTS ICRE NYA
C

TBCO(J) BCOSJ) +BLABR(I

E-CO(J 39 TCCSJ + FOT



TCOSTS(I) - TCOSTS(I) + BLAI4OR(I) + DLABOR(I) + DMCOST(I) A

C *DETERMINE TOTAL LABOR HOURS AND COSTS FOR LIFE CYCLE
C

THRS - THRS + THOURS(I)
TCOS - TCOS + TCOSTS(I)

7 CONTINUE
C
C *PRINT HEADINGS
c

WRITE(3pi001) (NAMFAC(J)v J = 1 4)
WRITE(3Pl002)

N2 = NO
*PIN

C *PINTLABOR HOURSt PERSONNEL, ANDI PERSONNEL COSTS FOR EACH YEAR
C *BY CATEGORY
C

DO 10 IS= LBY UB
WRITE(3,1003) (YEAR(J)p J =NIP N2)I

WRITE(3,1004) ((CMHRS(J),CtIPER(J),CMCOST(J)),J =NIP N2)
WRITE(3t1005) ((PMHRS(J),PMPER(J)vPMCOST(J)),J = Ni, N2)
URITE(3P1022) ((CBHRS(J),CBPER(J),CBCOST(J))PJ =NIP N2)
IJRITE(3tl023) ((DMHRS(J),DMPER(J),jDMCOST(J)),J = Ni, N2)

WRITE(3771006) ((BHOURS(J),E4PERS(J),BLABOR(J)),J = Ni, N2)IWRITE(3,1007) ((DHOURS(J),tDPERS(J),DLABOR(J)),J =NIP N2)
IJRITE(3P1025) (THOURS(J)PTCOSTS(J)),J =Ni, N2)
1l= Ni + NO
N2= N2 + NO
IF (N2 .LTo NYRS) GO TO 10
N2 = NYRS

10 CONTINUE

20 IF (NUM *EQ. 0) GO TO 30
WRITE(391OOB) (YEAR(J)PJ =Ni, N2)
WJRITE(3, 1009)

IF(NUM 4EO. 2) WRITE(3PIOi7)

WRITE(3plISi) CM(YSCPRNR)TMO(YS
WRITE(3rl~l2) ((CMHRS(J),PMPER(J),PMCOST(J))iJ =NIP N2)
WRITE(3iOilI) CPMH(NYRS),CPMPER(NYRS),TPMCOS(NYRS)
WRITE(391012) ((CBHRS(J),CBPER(J),CBCOST(J))tJ =NI, N2)
bJRITE(3?1011) CCBH(NYRS),CCBPER(NYRS),TCBCOS(NYRS)
WRITE(371020) ((DMHRS(J),DMPER(J),DMCOST(J))YJ = Ni, N2)

WRITE(3ilOll) CDMH(NYRS),CDMPER(NYRS),TDhICOS(NYRS)
IJRITE(3t1013) ((BHOURS(J),BPERS(J),BLABOR(J)),J = Ni, N2)

hIRITE(3?1011) CBHR(NYRS),CDASEP(NYRS),TBCOS(NYRS)
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WRITE(3,1C04) ((tIHOURS(J)PEIPERS(J),DLAE'OR(J)), J Ni ,N2) A
WRITE(391O11) CDHR(NYRS)PCDEPPR(NYRS)PTtiCOS(NYRS)
WRITE(3v1026) ((THOURS(J)PTCOSTS(J))PJ = Ni, N2)
URITE(3v1027) THRSP TCOS
GO TO 40

C i

30 WRITE(3y1019)
WRITE(3p1004) CCMH(NYRS)PCCMPER(NYRS)PTCMCOS(NYRS)
WRITE(3t1005) CPMH(NYRS) ,CPMPER(NYRS) ,TPMCOS(NYRS)
WRITE(3r1022) CCBH(NYRS),CCE4PER(NYRS),TCBCOS(NYRS)
WRITE(391023) CDMH(NYRS) ,CDMPER(NYRS) ,TEMCOS(NYRS)
WRITE(3t1006) CBHR(NYRS)YCBASEF(NYRS),TBCOS(NYRS)
WRITE(3y1007) CE'HR(NYRS)PCE'EPPR(NYRS),TDCOS(NYRS)
WRITE(3t1025) THOURS(NYRS)PTCOSTS(NYRS)

CC *CONVERT ANNUAL TOTALS TO CUMULATIVES

40 DO042 1= 2v NYRS
THOURS(I) =THOURS(I) + THOURS(I-i)
TCOSTS(I) TCObTS(I) + TCOSTS(I-i)

42 CNIU

C1 *PRINT CUMULATIVE COSTS FOR SYSTEM TYPE BY YEAR AND' CATEGORY
C

WRITE(3?1001) (NAMFAC(J)vJ=1P4)I
WRITE(310O24)
NI =1I
N2 = NO
DO 50 1 = LE4, UB+i
WRITE(3v1003) (YEAR(J)iJ = Ni, N2)
IF ~(( oEQ. (UB+1)) -AND, (NUM *EQ. 1)) WRITE(391016)
IF ((I *EQ* (UEI+1)) *AND. (NUM oEQ4 2)) WRITE(39i017)
IF (I .ME. (UE4+1)) WRITE(3'i015)
WRITE(3910O4) ((CCMH(J),CCMPER(J),TCMCOS(J)),J = Ni, N2)
WRITE(3t1005> ((CPMH(J)PCPMPER(J)PTPMCOS(J))tJ = Ni, N2)
WRITE(3piO22) ((CCBH(J),CCE'PER(J),TCBCOS(J))PJ = Ni, N2)
WRITE(3pi006) ((CDMHR(J),CEIASEP(J),TE4COS(J)),J = Ni, N2)
WRITE(3v1023) ((CBIHR(J)PCEIMEPR(J)PTt'COS(J))PJ = Ni, N2)

WRITE(3t!007) ((CDHR(J)FCDEFPR(J)PTDCOS(J))PJ = Ni, N2)
WRITE(3p1028) ((THOURS(J)PTCOSTS(J))PJ =Ni, N2)
NI = NI + NO
N2 = N2 + NO
IF (N2 *GT. NYRS) N2 NYRS

50 CONTINUEii C
C *FORMAT STATEMENTS

1001 FORMAT(1Hlt3XP'SYSTEM TYPE: '94A4)

1002 f*ORMAT(1Xp/v45XP'ANNUAL MAINTENANCE HOURS AND LABOR COSTS'q'//)

1004 FORt1AT(3XP'CORRECTIVE MAINT',2Xt3(FI2.OF9.2,F12.O,4X))
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1005 FORMAT(3XP'PREVENTIVE MAINT',2X,3(F12*OvF9.2,F12.0,4X))
1006 FORMAT(3XP'BASE LEVEL REPAIR',1X,3(Fl2.0tF9.2tFl2.0v4X))
1007 FORMAT(3Xt'DEPOT LEVEL REPAIR't3(Fl2.0vF9.2-'Fl2.Ov4X))
1008 FORMAT(1Xv//P'$'u16XP2(18XvI4915X))
1009 FORMAT('+'P'TOTALS'P/)
1010 FORMAT('$'v2X?'CORRECTIVE MAINT',2X,2(F12.0,F9.2,F12.0,4X))
1011 FORMAT('+'vF12.OF9.2,F12.0)
1012 FORtIAT('$'i2XP'PREVENTIVE MAINT',2Xt2(F12.0,F9.2,Fl2.0,4X))
1013 FORtIAT('$'v2XP'BASE LEVEL REPAIR'v1Xi2(FI2.OvF9.2tFl2.0,4X))
1014 FORMAT('$'?2XP'DEPOT LEVEL REPAIR'p2(F12.0vF9.2vF12*0v4X))
1015 FORMAT(3XP'LABOR CATEGORY'i3(8X,'HOURS'94X,'MANPOWER',4XP'COST'v

1 4X))
1016 FORMAT('$'p2XP'LABOR CATE6ORY'P8XY'HOURS'v4X,'MANPOWER',4X,

1 ~'COST' ,AX)
1017 FORMAT('$'r2Xt'LAE4OR CATEGORY'p2(8X,'HOURS',4X,'MANPOWER',4X,

1 'COST't4X))
1018 FORMAT('+'PBXg'HOURS',4X,'MANPOWER'p4X,'COST')
1019 FORMAT(34X, 'TOTALS' ,/93X, 'LABOR CATEGORY' ,8X, 'HOURS' ,4X, 'MANPOWEi

1 v4XP'COST')
1020 FORMAT('$'92XY'CALL-BACK MAINT',3X,2(F12.0,F9.2,F12.0,4X))
1021 FORMAT('$'92XP'TOTAL SITE MAINT',2X,2(F12.OF9.2,F12.0,4X))
1022 FORMAT(3Xv'CALL-BACK MAINT',3X,3(F12.0PF9.2'F12.0,4X))
1023 FORMAT(3XP'TOTAL SITE MAINT',2X,3(F12.OF9.2,F12,0,4X))
1024 FORMAT(1Xv/t43XP'CUMULATIVE MAINTENANCE HOURS AND LABOR COSTS')
1025 FORMAT(3XP'TOTAL SYSTEM MAINT'v3(F12.0v9XF12*Op4X))
1026 FORMAT('$'92XP'TOTAL SYSTEM MAINT'?2(F12*0r9XPF12.0v4X))
1027 FORMAT('+'?F12.0?9XFF12,0)
1028 FORMAT(3XP'TOTAL SYSTEM MAINT'r3(Fl2.0i9XF12#0v4X))
C

RETURN
END
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SUBROUTINE OUTTWO
c
C THE SUBROUTINE UUTTWO PRINTS THE LIFE CYCLE COSTS IN TABLE
C FORM FOR THE INDIVIDUAL SYSTEMS IF DESIRED; OTHERWISE THE
C RESULTS ARE SIMPLY SAVED VIA THE ROUTINE SAVDAT.
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/PARAM/BASEYR DSCNT NYRSXDISKLRNtTDIS

C
C *DECLARE VARIABLES

INTEGER BASEYRNYRS
REAL DSCNTXDISXLRN
LOGICAL*I TDIS

c
IF (TDIS *EQo 'Y') CALL TABLES(NYRSDSCNT,1)
CALL DATSAV(NYRS)

C
RETURN
END

E- 3
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C SUBROUTINE TABLES

C THE TABLES MODULE OUTPUTS ALL OF THE VALUES COMPUTED IN

C THE LIFE CYCLE COSTING MODEL IN TABULAR FORM.

C SUBROUTINE TABLES(NYRStDSCNTrOUT)

C
C *ESTABLISH COMMON BLOCKS

C-

COMMON/ACGQJIZ/ACOS(25)9 TCOzk(25)
COMMON/ANNDAT/BITFFBLRUvGSYS(25) iNBAS(25) iNDEP(25)q
1 NNGS(25)iNOB'NODPNRGS(25),RTSSTFOH(25),YEAR(25)
COMMON/CAT/CLCCP CPROG(25)t TNRCAT(1O)p TPROG(25)v TRLCAT( 10)
COMMON/INSTAL/ICOS(25)v INCOSP RICOSP TCOSI(25)v INYEAR
COMMON/LOGIST/NRCOS(2599)9 RLCOS(2599)9 TCOSL(25)v TCOSN(25)9
1 TCOSR(25)#TLLCOS(25)PTNRCOS(25),TRLCOS(25)PLOGYR
COMMON/NAMES/NAMFACPSNAMEPUNAME
COMMON/SYSDAT/AFHR vAMCOSiCPKWHR ,DFHR PDISTPNDS(3) ,NOKWHRt

1 NRL(2593),NWS(3)PPQTYPUCOSPUMTBF
C
C *DECLARE VARIABLES
C

INTEGER GSYSNBASNDEPPNNGSNOBNODPNRGSPOUTvUBYEAR
INTEGER*4 NAMFAC(4)
REAL ACOSBITCLCCCPROGFE4LRUICOSINCOSNRCOSRICOSRLCOS
REAL RTSSPTCOSAYTCOSI ,TCOSL, TCOSNPTCOSRTFOHTLLCOSTPROGPTNRCAT
REAL TNRCOSYTRLCATPTRLCOStNOKWHR
LOGICAL*1 ANSP SNAME(65)t UNAME(35)

C
C *INITIALIZEf VARIABLES
C

NO = 5
LB = 1
UB =(NYRS/NO) - 1
NUM =NYRS - NO*(NYRS/NO)
IF (NUM .EQ4 0) UB = NYRS/NO

IF (DSCNT *NE. 0) GO TO 1

WRITE(lt*)'DO YOU WANT A NONRECURRING/RECURRING COST BREAKDOWN OF'
IF (OUT *EQ* 0) WRITE(lp*) 'THE TOTAL SYSTEM RESULTS?'
IF (OUT*NEo0) WRITE(1,*) 'THE SYSTEM CURRENTLY UNDER EVALUATION?'

1 IF (E'SCNT *EQ. 0) GO TO 2
WRITE(1,$) 'DO YOU WANT A NONRECURRING/RECURRING COST BREAKDOWN'

WRITE(1,*) 'OF THE DISCOUNTED FIGURES?'
2 READ(lY1050) ANS

WRITE(1,*) ' i

IF (ANS *NE. 'Y') GO TO 27
C *PRINT HEADINGS9 INVESTMENT COSTS
C

IF (OUT oEG. 0) URITE(3v1034) (SNAMECI)p I1 1965)
IF (OUT .NE. 0) URITE(391044) (NAMFAC(J)vJ=lv4)
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WRITE(3v1035) (UNAME(I)p I IP135)
WRITE(3v1036) DSCNT
WRITE(3v 1000)
NI 1
N2 = NO

C
c *PRINT NONRECURRING COSTS FOR EACH YEAR BY CATEGORY
C

DO 10 I = LBv UB
WRITE(3,I00i) (YEAR(J)p J =Ni, N2)
WRITE(3,1002) (NPCOS(Jpi)v J = Ni, N2)
WRITE(3v1045) (NRCOS(JP3)v J = Ni, N2)
WRITE(3piOO5) (NRCOS(JP4)v J = NIP N2)
WRITEC3vi006) (NRCOS(JP5)i J =NIP N2)
WRITE(3vI007) (NRCOS(JP6)y J = Ni, N2)
WRITE(391008) (NRCOS(JP7)v J = NIP N2)
WRITE(3t1009) (NRCOS(JP8), J = NiP N2)
WRITE(3,iOiO) (TNRCOS(J)v J =Ni, N2)
NI- Ni + NO
N2 =N2 + NO
IF (N2 *LT* NYRS) GO TO 10
N2 =NYRS
GO TO 15 I

15 WRITE(39iO26) (YEAR(J)tJ =Ni, N2)
URITE(39 1027)
WRITE(391012) (NRCOS(Jvl)v J = Ni, N2)
URITE(3PiOi3) TNRCAT(1)
WRITE(391046) (NRCOS(JP3)t J = Ni, N2)
WRITE(391613) TNRCAT(3
WRITE(3viOi6) (NRCOS(JP4)9 J = Ni, N2)

WRITE(3riOi3) TNRCAT(4)

WRITE(3Pi0i3) TNRCAT(6)
WRITE(3p1019) (NRCOS(Jt7)v J = NIP N2)
URITE(3yl013) TNRCAT(7)
URITE(3?i010) (NRCOS(Jv7)t J = NIP N2)

WRITE(3tIOi3) TNRCAT(8)
URITE(3vI02l) (TNRCOS(J)p J = Ni, N2)
WRITE(3vi~l3) TNRCAT(10)

C *PRINT HEADINGS, OPERATING ANDI SUPPORT COSTS

IF (OUT .EQ. 0) URITE(39i034) (SNAME(I)i I = 1 65)
IF (OUT .NE- 0) WRITE(3pl044) (NAMFAC(J)PJ=i,4)
WRITE(3,i035) (UNAME(I)p I = 1, 35)
WRITE(3vi036) DSCNT
WRITE (3,1028)
NI =1
N2 = NO
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C *PRINT RECURRING COSTS FOR EACH CATEGORY BY YEAR

DO 20 I = Lii, U1
WRITE(39i00i) (YEAR(J)p J =NIP N2)

WRITE(3t1013) TRLCAT(3) ) J=NI 2
WRITE(3v1016) (RLCOS(J,4)y J = Ni, N2)
WRITE(3r1I3O) TRLCAT(4) 4) J AI 2
WRITE(3v1017) (RLCOS(JP5)v J = Ni, N2)

WRITE(3u1018) (RLCOS(JP6)t J = NIP N2)

WRITE(3p1019) (RLCOS(JP7)p J = NiP N2)

WRITE(3v1020) (RLCOS(JPB)v J = Ni, N2)

WRITE(3vi042) (RLCOS(JP9)o, J M Ni N2)

WRITE(3vI021) (TRLCOS(J)p J = NI, N2)

WITE(N2 L013 YRLCAT(0 T 2

C2 CONTINTUEADNSFRTTLLF YL OT YYA

27 WIF (OUP.1.02) (YERIT(J,134 (SIN2MC),I=165
I (OT.E0)WRITE(3v144INAFA(),=14
WRITE(3PI035) (UNAMCISJ)t I = N1, N2)
WRITE(3I1036) TRSCNT(
IF (OUT .ME. 0)(URIOE(3,l)i J =CNSUNT)

WRITE(3, 1029) TRCT

WRT(?06 RCS¾Y) I 2

WRT(A~3 RCT

WRIT(3vll7) RLCS(Jv)v J= NI N-
- RT(PO3 TRLCT(5

WRT1P08 RCS(P) I 2

WRITE3tIO1) TRLAT(6



NI=
N42 - NO

C
C *PRINT RESULTS
C

DO 30 1 LBP UB
WRITE(3viOOi) (YEAR(J)p J = NIP N2)
WRITE(3P1O30) (ACOS(J)p J =NIP N2)
WRITE(3P1031) (ICOS(J)p J = NIP N2)
WRITE(391037) (TNRCOS(J), J = NIP N2)
WRITE(3P1038) (TRLCOS(J)p J = NIP N2)
WRITE(3,i032) (TLLCOS(J)t J = Ni, N2)
WRITE(3pi033) (TPROG(J)t J =Ni, N2)IiNi = NI + NO
i 2 = N2 + NO
IF (N2 *LT, NYRS) GO TO 30
N2 = NYRS
GO fO 35

30 CONTINUEI35 WRITE(3?,126) (YEAR(J)p J = NIP N2)
WRITE(3,1027)
WRITE(3Pi022) (ACOS(J)p .J = Ni, N2)
WRITE(3P,103) TCOSA(NYRS) I
WRITE(391023) (ICOS(J)p J = NIP N2)

WtRITE(3,I013) TCOSI(NYRS)
WRITE(3P1040) (TNRCOS(J)? J = Ni, N2)
WRITE(3t1013) TCOSN(NYRS)
WRITE(3P1041) (TRLCOS(J)p J = Ni, N2)J
WRITE(3tI03) TCOS.R(NYRS)
WRITE(3t1024) (TLLCOS(J)p J = Ni, N2)
WRITE(3P1013) TCOSL(NYRS)
WRITE(3P1O25) (TPROG(J)p J = NIP N2)
WRITE(3PI103) CLCC

C
C *PRINT HEADINGS FOR CUMULATIVE LIFE CYCLE COSTS BY YEAR
C

WRITE(3, 1037)
Ni = 1
N2 = NO

C
C *PRINT RESULTS
CL

IF (NUM .EQ. 0) UB = LD 1
DO040 1 = LBP UB+i
WRITE(3tI0Oi) (YEAR(J)p J =Ni, N2)

WRITE(3ui030) (TCOSA(J)p J = Niv, N2)7WRITE(391031) (TCOSI(J)p J = Niv N2)
IJRITE(3'1037) (TCOSN(J)t J = NIP N2)
IIRITE(3?1038) (TCOSR(J)p J = NIP N2)
WRITE(3tlO32) (TCOSL(J)p J = NIP N2)
WRITE(3~iO33) (CPROG(J)p J = NIP N2)
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NI1=Nl+ NO
N2 =N2 + NO
IF (N2 .LT, NYRS) 00 10 40
N2 = NYRS

40 CONTINUE

C *FORMAT STATEMENTS

1000 FORMAT(49Xr 'NONRECURRING LOGISTIC SUPPORT COSTS',!!)
1001 FORMAT(lXt//,9Xv'COST CATEGORY 'v 2Xv 7(6XPI4t5X)Y/)
1002 FORMAT(9XY'SPARES p 8(2XPF13.O))
1003 FORMAT(9XiON-SITE MAINT 't 8(2XPF13#0))
1004 FORMAT(9Xr'OFF-SITE MAINT ¼v 8(2XFl3.0))
1005 FORMAT(9XINVENTORY MGT 'q 8(2XrF13.08)
1006 FORMAT(9XP'SUPPORT EQUIP ¼r 8(2XvF13*O))
1007 FORMAT(9Xr'TRAINING 4- 8(2XYF13*0))
1008 FORMAT(9Xv'DATA MANAGEMENT', 8(2XPF13*0))

1009 FORMAT(9XP'FACILITIES p 8(2XPF13#0))

1010 FORMAT(9XY'ANNUAL TOTAL ¼v 8(2XPF13*0))
1011 FORMAT(4X#'SYSTEM COST:* $'YF1O.2p' SYSTEM MTBF:~ ',F8.1)
1012 FORMAT('$'r8Xv'SPARES ep8(2XvF13*O))
1013 FORMAT('+'92XPF13#0)
1014 FORMAT('$',8XON-S!TE MAINT 'q8(2XF13*0))
1015 FORMAT('$'p8Xp'OFF-SITE MAINT '?8(2X9F13.0))
1016 FORMAT('$'p8Xr'INVENTORY MGT 'p8(2XpF13*0))
1017 FORMAT('$¼8BXP'SUPPORT EQUIP 'v8(2XrF13#0))
1018 FORMAT('$'p8X?'TRAINING ',8(2XF13#O))
1019 FORMAT('$'F8XP'DATA MANAGEMENT'98(2XYF13.0))
1020 FORMAT('$'PSXP'FACILITIES ',8(2XpF13o0))
1021 FORMAT('S'p8Xv'ANNUAL TOTAL ',8(2XyF13.0))
1022 FORMAT('$'Y8XP'ACQUISITION ',8(2XFF13.0))

1024 FORMAT('$'P8XP'TOTAL LOGISTIC 'v8(2XtF13.0))
1023 FORMAT('$'p8XP'INSTALLATROGRA 'r8(2XtF13.0))

106FORMAT(1X9//?'$'r8Xt'COST CATEGORY 'p2X,7(6XFI4v5X))
107FORMAT('+'p2X?'TOTAL')

1028FORMT(52 RECURINGLOGISTIC SUPPORT COSTS',!!)
109FRA(6PTTLLF YL OT YYA'

100FORMAT(9XACQUISITION 'v8(2XrF13.O))
1031 FORMAT(9XWINSTALLATION ',8(2XvF13.0))

4 1032 FORMAT(9XP'TOTAL LOGISTIC 'P8(2XvF13*0))
1033 FORMAT(9X?'TOTAL PROGRAM '78(2XpF13#0))
1034 FORMAT1lH1v3Xv'SYSTEM** 'Y65A1)
1035 FORMAT(4Xt'USER: ',35AI)
1036 FORMAT(4XP'E'ISCOUNT FACTOR:'vF4.2lc)
1037 FORMAT(9XP'NONRECURRING ',8(2XvF13.0))
1038 FaRMAT(9xWRECURRING rr8(2XrFl3*0)) I;.
1039 FORMAT(lXv//?5OXt'CUMULATIVE LIFE CYCLE COSTS BY YEAR')
1040 FORMAT('$'t8XP'NONRECURRING '82i1~)
1041 FORMAT('$¼98XP'RECURRING 'v8(2XF130O))

n



1042~~~ FOMT9vST OPRTO - T:4;-1*0)

1042 FORMAT(9$vXY'SITE OPERATION 'p8(2XvF13.0))

1044 FORMAT~lH1,3XP'SYSTEMN: 'p4A4)I
1045 FORMAT(9Xv'8HIPPING -98(2XPF13#0))
1046 FORtIAT('$',8X,'SHIPPING ',8(2XPF13*0))
1050 FORMAT(10A1)

RETURN

END
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C SUBROUTINE DATSAV
C
C THE SAYDAT MODULE ACCUMULATES THE LIFE CYCLE COSTS OF
C EACH FACILITY TYPE EVALUATED SO THAT TOTALS MAY BE
C PRINTED FOLLOWING THE OUTPUT OF THE INDIVIDUAL FACILITY
C LIFE CYCLE COSTS (OPTIONAL).
C

SUBROUT INE DATSAV (NYRS)
C
C *DECLARE COMMON BLOCKS
C

COMMON/ACQUIZ/ACOS(25) PTCOSA(25)
COMMON/INSTAL/ICOS(25),INCOSRICOSTCOSI(25),INYEAR
COMMON/LOGIST/NRCOS(25,9),RLCOS(25,9),TCOSL(25),TCOSN(25),
I TCOSR(25)iTLLCOS(25)PTNRCOS(25)tTRLCOS(25),LOGYR
COMMON/SAVEIT/SACOS(25)PSICOS(25),SNRCOS(25,9)PSRLCOS(25,9),
1 STLLCO(25)vSTNRCO(25),STRLCO(25)

C
C *DECLARE VARIABLES
C

REAL ICOSv INCOSr NRCOS
DATA SACOSYSICOSSNRCOSSRLCOSYSTLLCOSTNRCOSTRLCO/575*.oO/

C

c *TRANSFER INDIVIDUAL FACILITY LIFE CYCLE COST DATA TO CUMULATIVE

CC *ARRAYS FOR STORAGE AND RE-INITIALIZE PROGRAM COST ARRAYS TO ZERO.*I
DO 20 I = 1, NYRS

SACOS(I) =SACOSCI) + ACOS(I)
SICOS(I) = SICOS(I) + ICOS(I)
STLLCO(I) =STLLCO(I) + TLLCOS(I)
STNRCO(I) =STNRCO(I) + TNRCOS(I)
STRLCQ(I) =STRLCO(I) + TRLCOS(I)
ACOS(I) = 0#0
ICOS(I) = 0.0
TLLCOS(I) = 0.0
TNRCOS(I) = 0.0
TRLCOS(I) = 0.0
DO 10 J= 11 9
SNRCOS(IpJ) = SNRCOS(IpJ) + NRCOS(IvJ)
SRLCOS(IvJ) = SRLCOS(IvJ) + RLCOS(ItJ)
NRCOS(IPJ) =0.0

RLCOS(IiJ) =0.0

10 CONTINUE
20 CONTINUE

RETURN
END
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TIM

SUBROUTINE OUTTHR
C

C THE SUBROUTINE OUTTWO PRINTS THE RESULTS FOR THE TOTAL
C LIFE CYCLE COSTS OF ALL SYSTEMS EVALUATED.
C

C *ESTABLISH COMMON BLOCKS
C

COMMON/PARAM/BASEYRDSCNTNYRSXDISXLRNTDIS
C
C *DECLARE VARIABLES
C

INTEGER BASEYRNYRS
REAL DSCNTiXDISXLRN
LOGICAL*I TDIS

C
C *PRINT RESULTS FOR LIFE CYCLE
C

CALL UNDSAV(NYRS)
CALL CUMTOT(NYRS)
CALL TABLES(NYRSDSCNTO)

C
WRITE(1,*) 'DO YOU WISH TO PRINT THE DISCOUNTED FIGURES'
WRITE(1,*) 'FOR THE TOTAL LIFE CYCLE EVALUATION?'
READ(1,1001) TDIS
WRITE(l1*) " "
IF (TDIS *NE, 'Y') RETURN

C
C *CALCULATE AND PRINT DISCOUNTED ANNUAL LOGISTIC SUPPORT COSTS
C *BY CATEGORY AND DISCOUNTED TOTAL LIFE CYCLE COSTS BY YEAR
C

CALL DSCONT(NYRSXDISBASEYR)
CALL CUMTOT(NYRS)
CALL TABLES(NYRSXDISO)

C
C *FORMAT STATEMENTS
C
1001 CORMAT(1AI)
C

RETURN
END
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C SUBROUTINE UNDSAV
C

C THE UNDSAV MODULE RESTORES THE ACCUMULATED LIFE CYCLE COSTS

C TO THE ORIGINAL COST ARRAYS FOR OUTPUT PURPOSES,

SUBROUTINE UNDSAV(NYRS)

C *DIECLARE COMMON BLOCKS
1] C

COMMON/ACOUIZ/ACOS(25) ,TCOSA(25)
COMMON/INSTAL/ICOS(25)PINCOSvRICOSPTCOSI (25), INYEAR
COMMON/LOGIST/NRCOS(25t9),RLCOS(25,9),TCOSL(25),TCOSN(25),
I TCOSR(25)PTLLCOS(25)PTNRLn1S(25),TRLCOS(25),LOCYR
COMMON/SAVEIT/SACOS(25);SICOS(25)tSNRCOS(2t~,9),bRLCOS(25,9)v

C *DECLARE VARIABLES

C REAL ICOSPINCOStNRCOS

C *RESTORE DATA TO ORIGINAL ARRAYS

C
DO020 I = 1, NYRS

ACOS(I) = SACOS(I)
ICOS(I) = SICOS(I) z
TYL!CIS(I) = STLLCO(I)TNRCO(I)ý 9TNCO(I
TR"COS(I) = STRLCO(I)
DO 10 J -1l 9
NRCOS(19J) = SNRCOS(IPJ)
RLCOS(IYJ) = SRLCOS(IYJ)

10 CONTINUE
20 CONTINUE

RETURN
END
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C SUBROUTINE LISCONT

C THE DSCONT MODULE DISCOUNTS THE ACQUISITIONt INSTALLATIONY
C NONRECURRING AND RECCURRING LOGISTIC COSTS FOR ALL YEARS
C AND CATEGORIES.
C *NOTE: THE CONSTANT DOLLAR COST ARRAY VALUES ARE CHANGED
C DUE TO THE USE OF THE COMMON STATEMENT.

SUBROUTINE DSCONT (NYRSPXDISPBASEYR)
C
C *ESTABLISH COMMON BLOCKS
C

COMMON/ACGUIZ/ACOS(25)v TCOSA(25)
COMMON/ANNDAT/BITvFBLRUGSYS(25) ,NBAS(25) ?NDEP(25),

1 NNGS(25)gNOBiNODN'RGS(25) vRTSSPTFOH(25),YEAR(25)
COMMON/INSTAL/ICOS(25)v INCOSv RICOSP TCOSI(25)t INYEAR
COMMON/LOGIST/NRCOS(25r9)? RLCOS(25,9)p TCOSL(25)p TCOSN(25)t
1 TCOSR(25)?TLLCOS(25)PTNRCOS(25),TRLCOS(25),LOGYRU ~COMMON/CAT/CLCC? CPROG(25)p TNRCAT(10)t TPROtP(25)v TRLCAT(10)

C
C *DECLARE VARIABLES

11C INTEGER BASEYRGSYSPNBASNDEPNNGSNOBNODKRG~iNYRSYEAR
REAL ACOSEIITCLCCCPROGDISC, BLRUvIC9SPINCOSPNRCOSRLCOS
REAL RICOSiRTSSTCOSATCOSI FTC: 'LTCOSMPTCOSRtTFOHTLLCGS
REAL TNRCATtTNRCOSTPROGOTRLCATTRLCOSXDIS

C
DO 20 I = l NYRS

C *COMPUTE THE DISCOUNT FACTOR FOR YEAR I

.4= YEAR(I) - BASEYR
DISC = (1/(1+XDIS))**N

ElC *DISCOUNT ALL COST ARRAYSii C ACOS(I) = ACOS(I?*DISC
* ICOS(I) = ICOS(I)*DISc

TPROG(I) =TPROG(I)*DISC

TNRCOS(I) =TNRCOS(I)*DISC
TRLCOS(I) = RLCOS(IJ$DISC

TLLCOS(I) =TLLCOS(I)*DISC

DO 10 J = 1? 9i
NRCOS(IPJ) = NRCOS(ItJ)*E'ISC
RLCOS(IPJ) =RLCOS(IPJ)*DISC

10 CONTINUE
20 CONTINUE

RETURN

END
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APPENDIX F

PARAMETER SUMMARY

rOR LIFE-CYCLE-COST MODEL
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APPENDIX G

MATHEMATICAL FORMULATION OF THE
COST MODEL FOR AIRBORNE EQUIPMENT 3
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1. GENERAL DESCRIPTION

ARINC Research Corporation's Life Cycle Cost Model for Airborne Equipment

(ALCCM) has been adapted to evaluate the economic impact of proposed Microwave

Landing Systems (MLS). The model evaluates three different MLS systems, one

in each of three user categories: commercial aviation, high-performance gen-

eral aviation, and low-performance general aviation.

The model itself is an expect.-ed value model which has been programmed in

FORTRAN IV + for evaluations using a Digital Equipment Corporation PDP-11/34

minicomputer. The nodel computes the expected acquisition, installation, and

logistic support costs by year and cumulatively for each system. The program

is designed for flexibility so tha.t data changes can be readily implemented,

sensitivity analyses performed, or additional data outputs obtained.

I ;.I
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2. PROGRA14 FEATURES

The MLS ALCC14 implementatioh consists of a comnmon main program, called

LCCOST, and seven subroutines, each designed to perform a specific function

within the model. The seven routines and their functions are:

(1) COSACQ - Calculates the cost of acquisition of the MLS avionics

by year and cumulative.

(2) COSIN; - Calculates the cost of installation of the MLS avionics

by year and cumulative.

(3) COSLOG - Calculates the nonrecurring (investment) ar...a recurring

(operation and maintenance) costs of the MLS systems throughout their I

life cycle.

(4) TOTCUM - Determines the total equipment costs incurred each year

and cumulative.

(5) PERGAC - Determines the annual cost per aircraft owner, as well

as the annual cost per aircraft for the avionics ecuioment.

(6) DISCNT - Discounts constant dollars figures according to the guide-

lines set forth by the FAA.

(7) LrUiTTAB - Prints in table form the results of all the above

computations.

Six input data files were used in exercising the MLS ALCCM; one system

file for each of the three configurations to be evaluated, and one user file

for each of the three user communities. The system and the user file name,

the discount rate, and the %ase year for discounting are specified at the be- Is
ginning of the program's exercise from the teletype terminal keyboard. The

program then calls the designated files and reads them to obtain the specific

data parameters used in the evaluation.

CG-4
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The specific outputs of the model, as dictated by the OUTTAB module, are:

(1) The total acquihition cost for the specified user category and designated

system by year and cumulative.

(2) The total installation cost for the specified user category and system by

year and cumulative.

(3) The total nonrecurring logistic support cost for the specified user

category and system by year.

(4) The total recurring logistic support cost for the specified user category

and system by year.

(5) The total logistic support cost for the specified user category and system

by year and cumulative.

(6) The total cost for the specified user category and system by year and

cumulative.

(7) The detailed cost element breakdowns of the nonrecurring, recurring, and

total logistic support costs for the specified user category and system by year.

(8) The cost per year to the specified aircraft owner and the cost per aircraft

per year.

G-5 I
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3. MODEL FORIULATZON

The following describes the mathematical formulation of thd HLS ALCCM

which has been implemented into the program LCCOST. The model computes on a

yearly and cumulative basis the acquisition, installat-on, logistic support

costs, and their totals for a given MLS system concept. in the time period

1989-2009. The parameter definitions used in the mndel are presented after

each set of formulas as well as in Appendix I.

3.1 Acquisition C~sts

The acquisition costs are determined by the number of MLS systems

purchased by the user community each year and the average unit cost of

the systems during the year (reflecting learninq curves and amortiza-

tion costs, if applied). The acquisition costs for year i are given by:

ACOS 1  (NA) (CPSi? (FUCOSi) + AMCOS; i < 2

= (NAV) (CREFT) (FUCOSi) i > 2

where:

CRFTi NACi + NRACi

The cumulative acquisition cost is simply:
i

TCOSAi E AOOS
j-1

Variables are: F

NAV - average no. of avionics systems per aircraft

FUCOS. z average system cost in year i program internal

AMCOS = amortization cost

NAC. - no. of new aircraft in year i

NRACi no. of aircraft retrofitted in year i

G-6
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3.2 installation Costs

The installation cost in the i'th year is determined by the number of MLS

units installed in new aircraft or retrofitted into existing aircraft that year

multiplied by the appropriate per unit installation rate. The resultant in- 4
stallation nost equation is given by:

ICOSi - (VA)[(VNRAC.)(RICOs) + (NACI(NINC•S)]

The cumulative installation cost is given by:

TCOSI

Variables are:

NAV a average no. of avionics systems per aircraft

NRAC= no. of aircraft to be retrofitted in year i

RICOS - retrofit installation cost per system

NACi - no. of new aircraft in year i

fINCOS new aircraft installation cost per system

3.3 ILgistic SupMrt Costs

The logistic support cost is considered to be composed of the sum of eight

cost elements, each having a nonrecurring (investment) and recurring (operating

and maintenance) cost component. Hence, the logistic support cost in the i'th

year is given by:

LCOS. - . [Wosij + RLOS .),j
j=l .1

with NRCOSi,j rtgresenting the nonrecurring costs and RLCOS, representing

the recurring costs. Similarly, the cumulative nonrecurring, recurring, and

logistic support costs for year i are given by:
i

TCOSNi- Z TNR"OS.
j-1
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TCOSRj Z TP
£, j

TCOSLi - LCOS

wherLe: •

8
TNRCOS - 7 NRCOS !

k-i ~

8
TRLCOS. MMS 4 LO

The following paragraphs present the methodology for determining the

individual cost elements and their cumponents.

3.3.1 Initial and Replacement Spares

This cost element consists of the expenses associated with the procure-

ment of the spares inventory. The nonrecurring component is the expenditure

in the i'th year to purchase the spares required to satisfy the expected demand with

a given level of spires sufficiency. In determining the nonrecurring costs,

assumptions which should be noted are:

(1) When dictated by the sparing philosophy, a minimum of one spare

of each type of the principal modules, or IRUs and sub-modules,

or SRUs, is assumed for each base.

(2) When dictated by the sparing philosophy, a minimum of one spare

of each type LRU and SRU is assumed for each depot.
9V

The recurring spares cost represents the cost of purchasing additional

spares to replace those lost to the logistic system through condemnation and

attrition.

r-8
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The resultant compfonents are gvnb:t

NLIU NR

NRO Z ((NLSPIRS. .)(LUCOS.) + E (NSSPRS )(SUCOS

4: * 1-1 kmlj,k

where, for nonrepairablo LRUs:

NWSPRS 1 , INT[(NOB )(YfUM+SUF(2)V'YD-UM)] +

INTC{(NOD )(ZDUM+SUF (2) V2-UM)] + INT(TDUM)

+ INT(SDtJM) - NSPRL.

YDTJM -(TFAV )(FBLRU)(BSOBL)(ILRUB.)/((NOB.)(LMTBF.)

TDUM - (TFAV1)(FBLRU) (OSBL) (ILRUB.)ULMT.

SDUM - (TFAV ) (FBLRU) (OSDL) (ILRUD, )/LMTBF.

anid:

FBLRU -BIT + (1-BIT) (RTSS)

LTFAV - (12) (AFHR) (HS.)

NS~ (NAV)(CIRFT)
j-1

where, for repairable L1RJS:[NLRSPHS. (' {MaxCINTE(NOB ) CYDUM + SUF(2)V?-YF-i)], (MINE) NOBi)/LC0MLi]}(1LRUB)

-NSPRL.J

and:

YDUZ4 (TFAV.) (FOLWU) (mS.) (BMT)/f (NOBs (XMTBF)

ZDUH (TrAV) (PBLIW) (1-R"S~ (04T) /E (NWO~ (u4hF~) A

G-9 L
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where, for nonrepairable SRUs:

I4SSPHIS i -~k INTE(040B i)(XDU!4+ SUF(3)VXThii1))

+ LImWL(UVOt (XVU?4+SUF (3) VVDUM)

+ INT(WDt~t4) +INT (TDUM) -NSPRBJ ,k

ands

XDIM= (TFAV.)(FBLRU)(RTS.)(BSOB)(ISRUB j~ )/rgOB)(MTB ~

YDUM =(TFAV.) (FBLRU) (1-RTS. (ESOD) ISRUD. )/[ (NOD )(SMTBF.
1~ i j,k

WDUM= (TFAV.)(FBLRU)(RTS.)(OSB)(ISRUB k)/SMTBF
1j~ J 3:,k

TDUM (TFAV ) (FBLRU) (1-RTS~ )(OSD) (ISRUD~ k)/SMTBF ,

i j~k jI

where, for repairable SRUs:

NSSPES i =~ f{Max[114T((NOB )(XDUt4 + S UP(3) VOW)Ii

(XMINB) (NOBj.)/LCOMSj,k]1(IS1RUB j,k~

+{Max[INTE (NOD. (YD)UM+S UF (3) VYDTJM))

'(XMINB) (NOD.)/LOOMS. ])} (ISRtJD )}-NSPRB
J,k j,k j,k

NLRU NSRU.

RLCOS E Z (RLSPPS. )(LUCOS + E (RSSPRSj ,)(SUCOSj~)I' j-11l k1lJX ~

where:

RLSPftS-. INTL (TFAV.) (COND. (1-flWL.)/LHTBF)V

RSSPtS i,j,k =INT[(TFAV i)(OD j~ )( j ,kWS j,k)/fTFjj (-TW

G- 10
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Variables are:

NOB i no. of bases in year £II
SNODi a no. of depots in year i

SUFM(2) LRU spares sufficiency factor

NSPRL a no. LRU spares purchased prior to year i
J

BSOBL - base LRU stocking objective

BSODL - depot LRU stocking objective

OSBL = average LRU order/ship time, base

OSDL - average LRU order/Stip time, depot

ILRUB. = base sparing flag for LRU.

ILRUD = depot sparing flag for LRU.

BIT a fraction of failures isolated to LRJ by Built-In Test Equipment

RTSS - fraction of failures isolated to LRU level at base without using BITE

AFHR - average monthly flight operating hours

NSi = no. of systems in operation in year i= program internal

NAV - average no. of avionics units per aircraft

crc-?,. no. of aircraft receiving avionics in year iI

NLREX no. of LRUs in system

LUCOS. unit cost of jth LRU program internal

NSRU = no. of SRUs in j'th LRU
j

SUCOS unit cost of k'th SRU in j'th LRUj .k
MINB - minimum no. of each type LRD spare

LCOML. = no. of avionics unit types to which LRU. is common
3

RTS. - fraction of LRU. failures isolated to SRU at base

BMT = base turnaround time

LMTBF - mean time between failures of j'th LRU = program internal

M4T = depot turnaround time

SUF(3) SWJ spares sufficiency factor



NSPSW - no. of SNjk spares purchased prior to year I

BSOB - base SRU stocking objective

SMTBF = mean time between failures of SRU

BSOD , depot SRU stocking objective

OSB = average SPU order/ship time, base

OSD - average S'U order/ship time, .depot

ISRUBj~k = base sparing flag for SRU.jA ,k

ISRUD = depot sparing flag for SRUj.
j,k jk

XMINB - minimum no. of each type SRU spare

LCOMSj,k - no. of LRUs to which SRUj.k is common

C0140 fraction of LRU. failures that are condemned
j J

CONtOj,k - fraction of SRU j,k failures that are condemned

ITWL = repair/throw-away flag for LRU.
ITWSj, 3a repair/throw-away flag for SRUj ,

3.3.2 On-Aircraft Maintenance

This cost element represents the expected expenditures in performing

on-aircraft corrective maintenance. This element contains only a recurring

cost component, i.e., NRCOS 0, and represents the costs associated with
i,2

remove a'd replace actions, as well as preventive maintenance actions. The

cost is determined as follows:

NLRU
RLCOSi, 2 = [(TFAV i ) lRMHB) 1MTBF ]+INS(FPM)(PMMH) (BLR)

where:

TFAV. (12) (AMlR) (NS.)V

Variables are:

NLRU - no. of LRUs in avionics system

RPBH = average time to remove and replace J'th LRU

LMTBF. - mean time between failures of j'th LRU = program internal

G-12 -
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INS- no. of syutems in operation in year i

FPM * frequency o'f preventive maintenance

Pww- average time required to complete preventive maintenance actions

AFHR -average monthly flight operating hours

3.3.3 Off-Aircraft Maintenance

The expected mater..z-l, labor, shipping, and documentation costs associated

with performino zorrective maintenance at the base and depot locations are

represented by this cost element. Like the on-aircraft maintenance cost element,

off-aircraft maintenance consists of a recurring cost component only, i.e.,

NRCOS;.4 - 0.. This compcnent is determined by:

TMAr. + TLABOR. + TZ!IP. + BIXTD + DDMTD.
i. i

where:

TMAT- (TFAVi ((FBLRU)(RTS )(RTLB.)(BMC.) +"j J-)

((FBLRU) (RTS) (l-RTIB.) + (EBLRU) (l-RTS.)) (DMC.))/IMTBF.

NSRU. (
+ E [(FBLRU)(RTSBj ,k)(BMCS j,k) (RTS ) + (FBLRU)[(RTS

k-l
(I-RTSB j,k) + (I-RTS)I (DKCSj ,k)]/SMTBF. ,k]]

NLRU
TLABOR. (TFAVi)L [(CFsBLRU L B)rL' )I(LMTIR.)

j=1
NSRU- j

k,1 jk

(SMTTRj,k) (BLR))+( (FBLRU) (R3 i ) (!-RTSB j,k + ( 3-RTS ]

(SMTTR )(L)(1IW , MS 3
TSHIP = (PACK) (TFAV.)[XLTTR,+XSTTR )E(2)(YMIL)(SSHC)

+ (XYIL) (SHC) ]÷(XISi)

G-13 L
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4 and:
NLRU

XLTrTR . 2 (WT )(COND )/LMTSP. U

XSTT - ?LRU NSRUj

2:IM 2:E (WT )(OD ~ /SMTBF k
Jini k-i l S~)cNjk

NLRU

XLS11P - (WT jC FBLRU) 1.-RTS +(R'rS (1-RTLB)

(2) (YMIL) (SSHC) (1-nWL.)+[((mLRU)(1-RTS.)
3 )

((YZ4IL) (SSHC) +(XMIL) (SlC)) (ITWL) ))/U4TBF J
NLRU NSRUj

XSSHP * 2! 2: (WTB jk)E((BLRUJ)(RTS.i)(1-RTSB Jk)(2)
1- k-i

(YMIL) (SSHC) (1-ITWS )+(FBLRU) (RTS J ((Y.MIL) (SSHC) +
j,k

(XMIL) (SHC)) (ITWS~k )J/SwrnFj~k)

TFAV1  (12) (APHR) (N~S

FBre: BIT+(].-BIT)(RTSS) TR)(FA)(L)

DDMTD, DO LU RT(F)(FV)DR

and:

EDOC -(ONAC + OFAC + STR) /UHTOF

DDOC -(OFAC + STR)/U4TBF

LRJT - E (FBLRU) (1-RTS )/L4TBF.

NLRU NSRUj

SEUT a r Z: (FBLRU)(R'TS.)(1-lassa. STB

G.- 14



S~Variables are.:•

NLRU a no. of LRUs in avionics system r

RTS a fraction of LRUj failures isolated to SRU at base

RTIBj - fraction of repairable LRJj failure. repaired at base

BMCj a average base materials cost per maintenance action on j'th LRU

DM4Cj - average depot materials cost per maintenance action on j'th LRU

I$4Fj = mean time between failures of j 'th LRU = program internal

NSRUj , no. of SRUs in j'th LRU

RTSB , fraction of repairable SRU repaired at baseJk re prera s epe airtednat bas

BMCS. average base materials cost per maintenance action on SRU.J ,k j,k

I*4CS - average depot materials cost per maintenance action on SWJ
k ~j,kY

SMTBFjk = mean time between failures of SRUj,k

LMTTR - mean time to repair j 'th LRU

ITWLj a repair/throw-away flag for j'th LRU 4

BLR - base labor rate

SMTTR - mean time to repair SRU.
j,k j~

DLR a depot labor rate
ITWS = repair/throw-away flag for SRU

PACK = packaging factor = packed wt./unpacked wt.

YMIL = average no. of shipping zones between base and depot

SSHC - shipping rate per lb between base and depot

XMIL = average no. of shipping zones to first destination

SHC a shipping rate per lb to first destination

WTj -weight of j'th L.J

COND fraction of failed LRU. that are condemned
j3

WTB = weight of SRU.,

G-15
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CONDB - fraction of failed SRU that aire condemned

j,k jokt

AFHR a average monthly flight operating hours

NS1 - no. of systems in operation in year i

BIT u fraction of failures isolated to LM) by Built-In Test Equipment W.

"RTSS - fraction of failures isolated to LRIJ at base without using BITE

ONAC - time required to complete on-aircraft maintenance records

OFAC - time required to complete off-aircraft maintenance records
STR - tire required to complete supply transaction records

TFR - time required to complete transportation forms

UMTBF - mean time between system failures = program internal

a3.3.4 inventory Entry and Supply Maneement

maintaining new coded supply items in the user inventory and the management ,1 cost of maintaining a supply inventory fo: all of the coded items that are

stocked at the repair sites. The first year's inventory entry cost is treated 11

as a nonrecurring cost (NRCOS i,4 ; the supply management cost is treated as

i,4i:. a recurring cost throughout (R~LCOSi,4) . The resultant components are given.

S' by:

NRCCOS = (IAMC) (NIC) (TIC) (NICB); 1 1
it,4

i =0 1 ~

where:

NICB = 1; FRAV it 0.

- 0; FRAV 0.

and:

RLCOS 1, 4 = C(NOBi)(NOIB)((HOLDB)+(NODi)(NOID)(HOLDD)](NICB); i 1

= [(IAMC) (NIC) (TIC)+(NOBi) (NOIB) (HOLDB)+(NODi) (NOID) (HOLW.))

(NICB); i #1

"G- 1b
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Variables are:

IASC - cost of introducing each new codei item

NIC a fraction of inventory coded items that are new

TIC a total no. of inventory coded items

NOB - no. of bases in year i

NOWB - no. of different item types stocked at base

HOLDS - average annual holding cost per item type, base

NODi - no. of depots in year i

NOID - no. of different item types stocked at depot

HOLDD - average annual holding cost per item type, depot

3.3.5 Special Support Equipment

Included in this cost element are the nonrecurring costs of purchasing

special test equipment (NRCOS i,5) and the recurring costs of operating that

equipment (PLCOS. 51 It is assumed in the model that the test equipment is
i's

unique to the system being evaluated. It is further assumed that there will

be a minimum of one of each type of support equipment at each base and depot

Ž: facility. The nonrecurring and recurring costs of special support equipment

in the i'th year, assuming that NSEBm and NSEDm units of the m'th equipment
m

type have been purchased prior to year i at the base and depot level, are

given by:

NRCOSi, = NNSEB. + NNSED.

'I
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where:
JSEB

NNSEB. [ Max{INT[(PFAV.)(TBMH)(UTILB )/((UMTBF)

(AVALSm)(BETA)))I(MI1NSEB)(NOB*)/LCOMB.) -NSEBJI

(USECOB )

JSED
NI4SED. E [ Max(INTC (PFAVi) (TDMH) (UTILD m)/((UMTBF)

(AVALD ) (DETA) ) hMINSED) (NOD.)/LCO!4D 4
m 1m

-NSED (USECOD)

PFAV. (12) (PFH~R)(NS.
J I

NLRU
TBH BMH

M=1 m

I TDMH I4LRU

M=1 m

and:

RLCO RNSEBJ. + tRNSED.u

where.
JS LB

RNSEB. Z [Max{(PFAV ) (TBMH)(UTILB ) (SECOB)/'((UMTBF)

(AVALBM)BT))i (?SEBO) (NSEB))]

FNE = Ezax{(PFAV .) (TDMH) (UTILD m) (SECOD)/((UMTBF)

(AVALD )(DETA)).(MSEDO)(NSED 9
m mn

Variables are:

PFIIR = peak monthly flight operating hours

TBMII = total average base labor hours required to isolate LRU failure to

SRU level

G- 18



BMHm - average base labor hours required to isolate failure in LRUm to SRUJ level
m

UTIL~m a utilization rate of m'th type support equipment

UMTBF a mean time between aystem failures

BDTA - base support equipment hours available per month

AVAhSM a availability of m'th type support equipment, base

MINSEB - minimum no. of each type support equipment, base

LCOm - no. avionics unit types to which m th type base support

equipment is common

USECOB = unit cost of Wth type base support equipment

JSEB - no. of different types base support equipment

TDmH = total average depot labor hours required to isolate LRU failure to SRU

level

DMH. - average depot labor hours required to isolate failure in LRU. to SRU

level

NOB W no. of bases in year i

JSED - no. of different types depot support equipment

NOD. = no. of depots in year i

utilization rate of m'th type depot support equipmentm

DETA depot support equipment hours available per month

AVALD = availability Wth type depot support equipment

MNSED - minimum no. of each type depot support equipment

LCOMD no. of avionics unit types to which m'th type depot support

equipment is common I

USECODm unit cost of m'th type depot support equipment i

NS. =no. of systems in operation in year i

SECOB =support equipment operating cost, base

4MSEBO- minimum annual support equipment operating cost, base

SECOD 2 support equipment operating cost, depot

MSEDO a minimum annual support equipment operating cost, depot
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3.3.6 Training

The training cost consists of the specialized maintenance training required

to meet the e•Icpcted corrective maintenance demands (NRCOSi ,6 and the recurrent

cost of additional specialized training resulting from the turnover of repair

personnel (RLCOS.,. It is assumed that a minimum of one person per maintenance

site will receive training. The tiaining costs incurred in year i, then, assuming

that NPERB base personnel and NPERD depot personnel have been trained prior to

year i, are:

NRCOS (NEPER.) (TCOSB) + (NDPER.) (TCOSD)

1,6 3

where:

NBPER. , Max{INT[(TFAVi) (AMHB)/((PMB) (PRODB) (UMTBF))],

(MINBP) (NOB.) i - NPERB

NDPER. = Max{INT[(TFAV.) (AMHD)/((PMD) (PRODD) (UMTBF))],

(MINDP) (NOD.)) - NPERD

TFAV. (12)(AFHR)(NS.i
NLRU

AMAB (tYMTBF) {[ (1-BIT) (BMHS)/UMTBF]+(FBLRU) E CC(BMH.) (RTSj)
j=l

NSRU
+ (RTLB) (W.TTRj ]/12MTF+ MrTs) Z C[(RTSBj~)'.

k~-1 j,k

(SMTTRR, k /SMTBFj IkD11

AMHD = (UMTBF) {[ (1-BIT) (1-RTSS) (DMHS)/UMTBF]

NLRU
+ ([jE(I-BIT) (-RTSS)+(FBLRiJ) (l-RTS.)](r4MH.)+

J=1 V
NSRUj

(PBLRU) C(l-RTW.) (LMTTR.) ]]/LMTBF. + E [E U-BIT) (l-RrSS)
k=l

+ (FBLRU) [ { -RTSj) +(RTSj) (I-RTSBj ,k)] (SMTTR. ,k)/(SMTBF j,k) ]3}
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and:•

RLcOS, 6 = (NPERW) (TCOSB) (TRB)+(NPED) (TCOSD) (TRtD)

Variables ares

• • TCOSD - training cost per depot repair person

AMHB - average labor-hours per maintenance action, base program internal

MTPF - mean time between system failures program internal

BIT = fraction of failures isolated to LRU by Built-In Test Equipment

BMHS = average labor-hours to isolate failure to LRU at base

NLRJ no. of LRUs in avionics systemH * BM4j = average labor-hours to isolate failures in j' th LRU to SRU level

[ at base

RTSj - fraction LRU. failures isolated to SRU at base

. RTLB. fraction of repairable LRU. repaired at base

L MTTR. - mean tim6 to repair LRU.

L4TBF. - mean time between failures j'th LZIJ = program internal

NSRU. = no. of SRUs in j'th LRUS:3

RTSB, fraction of repairable SRUk repaired at base

SMTTR mean time to repair SRUjk

SMTBF mean time between failures of SRU.
j~k ,k

PMB z available hours per year per repair person, base

PROD= productivity of base repair personnel

MINBP minimum no. repair personnel per base

NOB. no. of bases in year i

AMHD = average labor-hours per maintenance action, depot = program internal

G-21
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RTSS - fraction of failures-isolated to LRU. at. base

DMHS = average labor-hours to isolate failure to LRU at depot

D1Hj- average labor-hours to isolate failures in j'th LRU to SRU level
j

at depot

PMD - available hours per year per repair person depot

PRODD = productivity of depot repair personnel

MINDP = minimum no. repair personnel' per depot

NODi - no. of depots in year i

AFHR = average monthly flight operating hours

NS. no. of systems in operation in year i
1

TRD - turnover rate, base repair personnel

TRD 1 turnover rate,* depot repair personnel

3.3.7 Data Management and Technical Documentation

The data management and technical documentation element consists only of

the nonrecurring cost (NRCOSi7) associated with the preparation of base and

depot level documentation (RLCOSi7 0). These costs are given by the

equation:

NRCOSi 7  (CPP)C(NPDB)(NNBAS )4÷(NPDD)(NNDEPi)

where:

NNBAS. NOB. ;i =1 1

= NOB -NOB

NNDEP. = NOD. ; i=l

SNOD. NOD

G-22•
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Variables are: I.

CPP - cost per page, original technical documentation

NPBD u no. of pages base level documentation

NPDD u no. of pages depot level documentation

NOB. = no. of bases in year i

NOD. = no. of depots in year i1

3.3.8 Facilities

The facilities costs are considered to consist of the recurring operating

costs of the repair facilities (e.g., space rent, electricity, general tools,

etc.). It is assumed that no new support facilities will be required for the

system; hence, NRCOSi, = 0. The recurring cost (RLCOSi,8) is then given by:

RLCOSi,8 = (FOCB)(NOBi) + (FOCD) (NODi)

Variables are:

FOCB = annual base facilities cost attributable to system being analyzed

FOCD = annual depot facilities cost attributable to system being analyzed

NOBi = number of base maintenance sites, year i

NODi number of depot maintenance sites, year i
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C THE ROGRA LCC FRDETRAMINES TH TOTAL LIFE CYCLE COST OF

C SPCIFED VIOICSUNIT(S). DATA IS INP'UT TO THE PROGRAM

c A USER FILE (UFILE). THE PROGRAM USES THE DATA TO DETERMINE
BY MENANS OFQISTHEN USER ~ T INSALL ATO SYSTEM FILE SLEGISAND

C SUPPORT COSTS, WHICH ARE THEN OUTPUT IN TABULAR FORM IN

C BOTH CONSTANT AND DISCOUNTED DOLLARS.

PROGRAM LCCOST
C
C *ESTABLISH COMMON B4LOCK(S
C

COMMON/ACQUIZ/ACOS(25)7 TCOSA(25)
COMMON,'ARCRFT/CRFT(25)? NAC(25))p NRAC(25)? YEAR(25)
COMMON/CAT/CLCCP TNRCAT(9)p TRLCAT (9)p TPROG('25>p CF'ROG(25)
COMMON/INSTAL/ICOS(25)t TCOSI(25)
COMIION/LOGIST/NRCOS(25S,)v RLCOS(2578)9 TCOSL(25)7 TLLCOS(25)7
I TNRCOS(25)t TRL-COS(25)t TCOSN(25)t TCOSR(25)
COMMON/MISCLO/ NBAS(25)t NDEF(25)y UMTBFi IJCOS
COMMON/SYSTEM/BMC(20) ,BMCS(20,20') ,CONt'(20) ,CONDB(207*2O' ,DMC(20)r

1 E'MCS(20920) ,ITWL(20) ,ITWS(20,20) ,LCOML(20),
2 ~LCOMS(20,20),LMTBF(20:.),NLRUNSRU(ZO),RMHi"20)i

3 RTS(20),RTSB(20,20),SMTBF(20,20),ILRUB(20),ILRUDEU2O)
4 qISRUB(20y20)plSRUD,(20v20)
COMMON/VIONIX/AMCOSq FRAY, FUCOS, INCOS, LUCOS(20)t NAY,
1 PQTYv RICOSP SUCOS('20920)7 WT-(20)p WT13(20i20)t XLRNP
2 E4MH(20)9 DMH(20)y RTLB(20)7 LMTTR'20)y SMTTR(20,20:'
COMMON/NAMES/SNAMEt UNAME

C *DIECLARE VARIABLES AND DATA

INTEGER BEGYRENDYR, ITWL, ITWSLCOMLLCOMFNECAcNDEPNLRUNNBNNDI
INTEGER NOE4AS, NODEF',MREYR ,NSRUNULM, iJ.YRS, YEARYR, BA'EYR
REAL AMCOSBMCBMCSCONDCONDBE4,EISTE'MCi,EMCSYFRtVf:UCO'-, ICflS
REAL INCOSLMTBiFLUCOSNACNNAC(25) ,NRACPQTYRICOSRMHHB.
REAL R~TSRTSBSMTBFSUCOSTNRACUMTBF.WTWTBXDISXLRNLMTTRYiORCOS
REAL LDISTiSE'ISTiKFAC
LOGICAL*1 ANSt SNAME(65)7 UNAME(35)v SFILE(16)y UFILE(16)
DATA SFILE/'S' v'Y' ,'0', ' .6*'x' . . .i'D. '.' .V,0

DATA UFILE/'S't , , 0', / / ,6*'Y' T '4' 'D'v` A'!~'T'i,0,'5/
DATA UMTBF/0.0/y SNAME/65*0/v UNAME/3ýi*O/

C
C *INITIALIZE TERMINAL INPUT VARIABLES
C
1.0 WRITE(1,*) '---------- AVIONICS LIFE CYCLE COST EVALUATION -------

WRITE(lp*) /

WRITE(li*) '

20 WRITE(1,*) 'SYSTEM FILE NAME?'
tKEAD(191002) (SFILE(I)i I = 5 10)

WRITE(17*)''

H- 3
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_ - - -4

30 WRITE(Iv*) 'USER FILE NUIME,"
REAE'(lt1002) (UFLLE(I 'y I = 53,IO)
WRITE(1,*) 'I

WRITE'1,*) 'DISCOUNT PAIE*'
PEAD(1,1003) XDT.S

WRITE(1,*) 'BAýSE YEAR: FOR DI15COUNTING fiJRPOSES"O (E.G. 1910''
PREADi(lt1013) BASEYR

W RIE(19* 'VALU FRO KY~~ FACTO USR (FILES SNIIIT NL'SS?

OPIENl* (UNT2NOTE=SIENTYR1.F= YOUD REDO NOTYISHTO ERFRMlHE
OPIEN(UNT* 'SNSEITIVI TY ANOLYSS*' ,RAINY'ER'''

READ(3,1004) (UNAMEICI=1 5

c *RAD DPRATA DIO SSTE FILEERFIE

40 EADQY2,1010) FOTYAME(COI=St 5

READ(3t1012) (NAV(FRAV I= It 35
C

C *EEMINITAIE NUMERv OFA NRWAICR4t INA AVItIID iJ lEET 114AY BYEALr0

:5 DO 50 1 = It NYRS

C .REAE't106 LRU ND RU DATA KCl74FA(-O~-IJIPI

PA-2l1)PTii IRU() II'LI)iCOLI

READ(271012) NLVRU V.R(

READ(,05)R(I) AIECMC(I),DMC(I))

READ(2Y1006) EcHIEM(),:L'.I44TUI

DOTE4'I7) ) =: 0, 1 7N
READ(:91004

READ(21011) LRUB H-?IR4 ()IIJLICtLl

READ2r108) T ( i ~oJ ) 1CON I tNSP -'
- EDY05 RMHQ yMC(-i~ ..I

REA~ iI05 BM (1)[,H(I TPTB( )-tiiTR( ',..V

LMBFI 0,0



- --li

rLUCUS(I) 0.0
IF (NSR'%U(I) EQ. 0) GO TO 60
DO 60 J = It NSRLJ(I)
READ(2,1004)
READ(2910C07) SUCOS(lJ),8;MTF(F(Itj),iITWS(IPJ) ,LCOMS(IYJ)
READ(2P1008) WTE(ItJ i'i,RT3E(I,J) ,CONt't((I.J) ýISRUD,(IIJY

* REAEI(2,1009) ISRUE'(It,) ,F'MCS(Iy,J)'DMCS(IJ),SMTTR(17J)
LUCOS(I) = LUCOS(I) + SUr2OS(Itj))

* ~IF (SMTE4F(ItJ) s0'E. 0.) LMTE4F(I) =LMTE4F(1)-+(1,,SMTE(F(I,.J))
60 CONTINUE

IF (LMTtBF(I) .NE. 0.) LMTtBF(I) = 1./LMT'fFeI)
70) CONTINUE

C *CALCULATE MTEF AND' UNIT COST FOR SYSTEM

DO 90 1= It NLRU
IF (LMTBF(I) .NE. 0.', UMTDIF UMTEBF + 1,/LMTE4F'I)
UCOS = UCOS + LUCOS(I)

90 CONTINUE
U-MTBF = (l./UMTEBF)/tKFAIC

*CALCULATE =OS OF F:EFL#A*CL-E:EN LRUjS Aý-NI' '.RUS

BMC() =BMC(I)*KFACIi(I =E'MC(I)*KFAC
DO92 J = !NSRU(1'-
SUCOS(ITJ) = SIJCOs(LJ')-(1 -~ T1 1

SMTBF(,J) = SMTBFý I ,J:./tlF'Af

BMCS(IYJ) = EMCS(IJfl*tFAC
EIMCS(I7J) = EMCOS(IvJ)*KFACC

'92 CONTINUE
95 CONTINUE

C *CALCULATE ACQUISITION ANDi LMS TALLAT ION COSTS

CALL COSAC 0(NYRS? iCOS- 7 11 ES e A

C
*CALCULATE LOGISTIC SUPPfJPT COIST OF AUuNICS S YSTE M

CALL COSLOG(NYPSiOWNER) V
C *CALCULATE TOTALS FOR LIFE CYCLEI.

C
CAL TOTICT A NUAL OSTPRONE ERARRF

C

DSCNT =0,
CALL FERGAC(NYRSTE'SCN'T)
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c *PkXNT ANNUAL LUOGISrC ;Ur:POf(T COSTS B4Y CATEGORY ANti T0lAL LIFE
C *CYCLE COSTS B'Y YEAR

CAL-L OUTTABg( NYRSiDESCN fl

f.; ALCULATE AND PRINT DISCOUNTED ANNUAL LOGISTIC SUPPORT COSTS
C *BY CATEGORY AND DISCOUNTED TOTAL LIFE CYCLE COSTS B~Y YEAR

C CALL DISCNT (NYRS, XEISiBEASEYR)
CALL TOTCUM(NYRS)
CALL PERi3AC (NYRSv XL'IS)
CALL OUTThE4(NYRSgXDIS)

C1 *CLOSE INPUT FILES

CLOSE(UNIT=2tERRm'903)

CLOSE(UNIT=3tERR=904:'

GO TO 999

C *ERROR STATEMENTSI

901. WRITE(ly*) 'ERROR IN OP'ENING SFILE. PLEASE TRY AGAIN.'
GO TO 20

?02) WRITE(1,*) 'ERROR IN OPENING UFILE. PLEAiSE TRY AGAIN.'
CLOSE (UN! T=2rERR=903)
GO TO 30

903 WRITE(i,*) 'ERPOR IN CL.OSING SFILE. FROGiP"AM ABORiIE-1.

GO TO 999

?04 WRITE(1,*) 'ERROR IN CLOSI NG UF I:LE.- PRO'PYih ABCORTED.'

C *FORMAT STATEMENIS

1001 FORMAT(12)
:1.002 FORMIAT(10A1)

1.0 032 FORMAT(F'4.2) 1
'1004 F0RMAT(2OXt65A1)
:1 005 FORMAT(10XPF8.2,3( ?XFB.2') ,7XF4.2)
10)06 FORMAT(10X, I86,7XFS.0-7.<?FS-:.0'*x-- .7,2
1.007 FO0RMAT(l0XF8.2~7X,<F8.0~y2(7XI8))
1.006 FORMAT(l0X,2(F8.2,7X)tF8.3,7XI8)
1009 FORMAT(l0XrI8,3('XF8.2))
'1010 FORMAT(10xF8,2,7XF8.J ,'ý'7XF8.,2-))
1011 FORMAT(1OXt4(I8,7X.))
1012- FORMAT(lOX,18,7XF:3.2,7X-F8.3)
1013 FORMAT(I4)

999 STOP
END
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C SUBROUTINE COSACQ
C
C THE COSACO MODULE DETERMINES THE ACQUISITION COST OF THE SFECI-
C FIEE' AVIONICS EQUIPMENT FOR EACH YEAR IN THE LIFE CYCLE. ACOS

REPRESENTS THE ACQUISITION COSTS INCURRED IN YEAR I; TCOSA REP-
C RESENTS THE 1OTAL ACQUISITION COSTS INCURRED PRIOR TO YEAR I.

SUBROUTINE COSACQ(NYRS,UCOS,DIST) I
C

C *ESTABLISH COMMON BLOCKS
C

COMMON/ACQUIZ/AC]S(25), TCOSA(25)
COMMON/ARCRFT/CRFT(25), NAC'25), NRAC(25), YEAR(25)

COMMON,'INSTAL/ICOS(25), TCOS1(25)
COMMON/VIONIX/AMCOS, FRAV, FUCOS, INCOS, LUCOS(20), NAV,
1 PQTY, RICOS, SUCOS(20,20), WT(20), WTB(20,20)y XLRN,
2 BMH(20), DMH(20), RTLB(20), LMTTR(20), SITTR(20,20)

C

( *EDECLARE ',ARIABL.ES

INTEGER NYRS, YEAR
REAL ACOSAMCOSCOSTCRFTFRAVFUCOS, ICOSINCOSLUCOS
REAL NACtNF'URNRACRICOSSUCO.,TCOSATCOSIWTWTBLMTTRLC
LOGICAL*1 ANS
DATA ACOS/25*0,0/, TCOSA/25*O.0/

*INITIAL F'RODUCTION COSTS ARE AMORTIZ"ED OVER THE FIRST

C *TWO YEARS OF PRODUCTION

AMCOS = AMCOS/(2.0*P'TY)
9 TTY 0. 0II A~~~('1S - Y

('S

DO 10 I =1 i NYRS

FUIJCOS = UCOS

C (OST IS GREATER IF AMORTIZING INITIAL PRODUCTION COSTS
j: •((START-UP COSTS ARE AMORTIZED OVER FIRST TWO YEARS OF
C *PRODUCTION*)

IF (I oLE. 2) FUCOS = UCOS + AMCOS

*IS THE LEARPING CURVE TO BE USED?

IF (ANS .NE, 'Y') GO TO 5
IF (I 4NE. 1) GO TO 2
,JR TE(,t*) 'IS THE LEARNING CURVE FACTOR TO BE APPLIED?'
PEAD(I,1001) ANS
WRITE(1,*)
IF (ANS .NE. `t') GO TO 5
LC (TQTY + F'PTY/2.)**(ALOG(XLRN)/ALOG(2.0))

HI-7
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TOTY l"'QIY 4 FPLTY
FUCOS FUCOS 4 LC

C
G; *ADJUST FUCOS TO REFLECT DEALER MARK-UP/-DOWN
C

FUCOS = FUCOS*(i + DIST)

C
C *tDETERMINE NUMBER OF A/C IN WHICH SYSTEM IS TO BE INSTALLED
C *IN YEAR I

*IF (RETROFIT PERIOD IS OVEr) NRAC(I) 0
C

CRFT(I) = NAC(I) + NRAC(I)

C *CALCJLATE NUMBER OF AVIONICS UNITS PURCHASED IN YEAR I
C

N'UP = NAV'*C.RFT (I)

*CALCULATE F.*)ST ASSOCIATED WI1H ACOLIITSITION OF AVIONICS UNITS IN

C .IY F 1 F*- I

C 1) ST -- f'•F'UF,**FIJCOS)

U1 •UFIA11' ACflUT3-II ION COSTS FOr,: YEAR I
C

I'0.( ACOSS(T) 1- COST

I"I j.L, IT[ ltJ~; tALL.A 11 tCO'0.'T FOR FLEET
C

C[AL.L "~jj-'ýY S l
f.;

1'0 CINT Ji'.t.IE
-1.')0.i F--lRI'iAT 2, I )¢!"

F,'U"IJI I'N V.

I.
P U ii

t4-

iV

II
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CsuE4RoIrINE COSINS.I .

THE COSINS MODIULE DIETERMIN'ES THE INSZTALLAl ION COST OF THE H

c SPECIFIED AVIONICS EQUIPMENI FOR EACH rEAP IN THE LIFE CYCLE.
C ICOS REPRESENTS THE INSTALLATION COSIS INCUJRREDI IN YEAR I;
C TCOSI REPRESENTS THE TOTAL INSTALLATION COSTS INCURRED PRIOR
c TO YEAR I*
C

SUBROUTINE COSINS(NYRST I)

C *ESTAB4LISH COMMON E4LJCKS

COMMON/ARCRFT/CRFT(25)i, NAC(:"5)i NFAC('25),i YEAR(25)
COMMON/INSTAL/ICOcS(?5), TCOSI(25)
COMMON/VIONIX/AMCOSP FR:AVt FUCOSP INCOSj, LUCOS?20)i, NAVY
1 PQTYy RICOSr SUCOS(2O'20)7 WT(20)9i WTB(20,t2O)-) XLRN.

2 BMH(20)v DMH(2O)v RTLB(20)? LMTTR(20)9 SMTTR(2Ov2O)
C
C *D'ECLARE VARIAB~LES
c

C INTEGER NYRSY YEAR

REAL AMOvO~CFiRVFC~lOtNOPUOYA
REAL I4RACPOTY.RICOSSUCOS, TCOS'IWTWTECXLRNLMTTR
DATA ICOS/25*0.0/t TCOSI/2'-l4O.O0'

C
C. *CALCULATE IUSTALLATION COST FOR YEAR I
C

COST = NAV*(NRAC(I)*RICOS + NAC(I)*INCOS)
C
L, *UPD'ATE INSTALLATION COSTS) FOR YtEAf I
C

RETURN
_________



C £3SLJE'ROUIINrIT C'SL.OU
C
C THE MODULE COSLOG i:CHfM ~E PE*CLiRRl1NCS AND' NONi1F"CURRIN
C LOGISTIC SUPPORT coISn (i lil I HF PEG2IF lED AVONI(S EQUTI'MENT
C IN EACH 01 EIGHT CATEUUHIL(,, !':.ARES, ON--AIRCRAFT MAINTENANCE,
C OFF--AIRCRAFT MAINTENANCE, INVENTORY ENTRY AND SUPPLY MANAGE-
C MENTr SPECIAL SUFFORI EQtJIPMENTt PERSPNNEL TRAINING, DATA
C MANAGEMENT AND TECHNICAL DIOCUMENTATION? AND FACILITIES.

Ti ~~CC *TALHCOMNLOK
SUB~ROUTINE COSLOG(NYRS)

COMMON/ARCRF'T/CRFT(25)t NAC(25)i, NRAC(25)t 'EAR(25)
COMMON/LOGIST/NRCOS(25~t8)9 PLCOS(25,F3)i TCOSL('25)- TLLCOS(25)y
1 TNRCOS(25)y TRL-COS(25)y TCOSN(.25) ? TCOSR(25)
COMMON/MISCLO/NBAS(25)t NDEF*(259) UM1*iFI ~COMMON/SYSTEM/E4MC(20),iBMCS(20,20).COND(20) ,CONDlB(20,20) ,DMC(20)9
1 ,MCS( 20,20)ylIFWL (20), ITWS-( 20, 20) iLCO.ML (20),

2 ~LCOMS(20,20) ,LMTE:F'(20) iNLRULt('JSýRU(20 ,RMIHD(ý0),
3 RPTS(20 ,RTSB(20,20) ,SMTBtF(20,20) , LF:UE(20) ILRUD('20)-

4 rISRUB(2O,20),ISF<UE(209,20)
COMMON/VIrjNIX/AMCOS, FFAVP FIJCOS,3 INCOS, LIJCOS(20), NAVY
1 POTY9 RICOSY SIJCOS(20Y20)v WT(20",) WTE4(20,20), XLRNY

2EBMHf20)y DMH(20)y F:TLB"20,*- LMTTR('.u,)) SMTTF:(20720)

C

DIMENSION t45P1.1st(20i,20),IJSPRL-(20),RNS-EB(25),RNSýElk:25) ,SUF(3;',*.
1 AVALB(20) i AVAL D 20) LCOMB (20)~ 7LCOMD (20) 7 NBPER (25)
'1 NDtPER (25) r NSEE:(20) r NSED (20) .LISE:U)IB k20. , ''.SECOD"2)

3 UTILB(20)tUTTLD(20)
INTEGER XMINB7YEAF<
REAL INCOSJRTSLMTP.FLUCOSMITEFLMITDFSNNSEB(25) ,NRAC,

1 NNSED (25)7,NRCOS? IAMC9 MiSEBO! MSEDCi, NEDPEP!, NDPER'?
2 NLSPRSi NPERD, NFEF.D, NSS, NSPRLD, ISPRL. NSPF'S? N'4SEBT NSEDI
3 NSEBY r NSEE'Y LPUT ,NAC , OWNER (255) -LM TTR 7LriKIJP Y ShKUP

DATA NSFF:L/20*0 .0/7 N'PCOS/200*0, 0/7 RLC0(S/2_0(a, ,00/
DATA JSFPRB/400*0.0/i l`NS-EEB/25*0.0/p F:NSED/25*0.0/
DIATA NNSEt'/25*0.0/i NNSEE4/25*0.0/v OWNER/2Sk.0.0,/, NS/0.0/
DATA NSEE4/20*0.*0/, IJSED/20*0 .0/y NBFSEF'/,25'*O.0,, NDPER,/25*0 .0,
DATA TNRCOS/25*0.0./, TRLCOS/25*0.0/ TCOSL/29Iý0.0/
DATA. TCOSN/25*0.0/7 TCOSN/2'5*0.0/
DATA LMKUP/1.00/t SMKUP*/1.00/

c
C *READ' LOGISTIC SUPPORT DATA

REArI'.2,1001) BITYRIhSS
READ(371006) BSOBE{L,ESO'LOSEBLOSDL

C REAt'(391006) BSDB'EBSQDvOSEOSD
READ(3P1001) FPMvFMMHyCPP.P'AC('
PEADCa3.1001) YMILiXMILiSSHCiSHC
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REAE'(391001) ONACYOFACYSTRYTFRIREAL'(3P1005) IAMCPNICYTICN
READ(39 1001) HOLD'E4HOLt't
REAE'(3P100i) FRODE, tPRODD v FME t PMI)
RCAD'(3vl002) BMTtE'MTYNPBDPNF*EDl
READ(3t1001) 'rCOSBtTCOSDtPTRBrTRDA
READ(3P1001) E4LRtDLV<,FOCBPFOCDI
REAt'(3P1001) AFHRtF'FHRYSUF(2)iSUF(3)
REAt'(3pl001 BETArDETA
READ(2r1003) NOIE4,NOIE'
READ(271001) BMHSYDMHSrSECOBPSECOD
REAtt(2P 1003) JSEBYJSEEIMSEBOrMSEDO

C
IF (JSEB *EQ* 0) GO TO2
DIO'2M = 1 JSEB

REAEI(2v1004) AVALrt(M),LCOMB(M),USECOB(M),UTILE4(M)

IF (JSED .EQ4 0) GO TO 4
[DO 4 M = 1, JSEE'

REAE'(2Y1004) AVALE'(M),LCOMD(M).USECODI(M),UTILD(M)
4 CONTINUE

READ(2r1007) MINBXMINBMINSEE:,MINSED
c4

r *INITIALIZE VARIABLES

C *AStiUMINGA MINMMEOF ONE REPATR P~ERSON PER M1AINTENANCE SITE

C *CALCULAND AMHBD ANE BOTH STT1
C,

MIDO 9= 1,NR

BASE 0.AE+0LU(BHI*T('*~RL()LTF:I)LTFI

1 FBLRU*=BT+(1-RBTLBI)*LMTRI)/MBFI

DO 7 1 = 1, NLRU'1
IF (SMTBF(IJ) EO. 0.) GO TO 6
BASE = BASE + RTS(I)*(RTSB(I)*RJ~) 4SIITTR(IJ))/MT4F'(I))It,J) 11(
DEPOT=DEPOT+(((1-BIT)*(l-RTSOS)+FBLRU:*((-RTS(l)))+(RTS(lI) +

1 FBRTSB(IJ)))))*SMTTR(IJ)/SMTBF('I ))

DO CONTINUE SU(I

6 CONTINUE
7 CONTINUE

AMHB =UMTBF*( ((1-BIT)*ECMHS)/UMTBF + FBLRU*KBASE)
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AMH' = UMTBF*(' (I-BIT )*(1--RTSS)*EDMHS/LUMTBF- + DEPOT)

Dlo 200 I = 11 NYr.,*s
NOBI = NBEP(I)
NOD = NDEPA(I)

C

C *CALULATEPEAK FLIGHT A01, TOTAL FLIGHT OPERATING HOURS
c *FOR AVIONICS SYSTEMS
C

TFAV = 12*r'rHR*,NS

C **CALCULATE COST OF INITIAL AND REPLACEMENT SPARES

DO 6 J =1 1 NLRIJ

MTBL =LMTF4F(J)
IF(MTBFL E0o 0.) GO TO 25

JRTS = RTS(J)
LRUE4 = ILRUBJ(J)
LRIJE= ILRUD(J)

* INVESTMENT LRU'3 (NONRECUJRRIN4G)

IFD(TERMNE .EQ. 1) (30 TO 10

f *REPAIRABLE LF:US

YD'IM r'F ,-V*fFIlRU*JRT*S*iMT) "I (NOBCI~ B FL)
ZDIJM =TFAýV.t'FD!L.PUi (1-.J- jr"'s ;) E'MT):' / NOE'*MTB.FL.)

EBLRU = AINT(NOE'*(YDUM 4+ SUF'2)*Zf3,"RT(Yt'UM)N)
MINLRU :-MINB*NOLB/LCOML(J)
IF (BLRU .LT. tIINLRU) D;LRU = MINLRU

C
DLRU = AINT(NOD**ZDUM + SUF(2)1*S9RT'ZDUM)))
MINLRU -=MINBh'NOD'/LCOML(J)
IF (DLRU :LT. MINLRU) DLR.P:U = MINLRU

NLSFRS = E'LRU*LfP-UE + DLRIJ*LRIjE' -- NSPR:$LtJ) I,
GO TO 20

r, *NON-REF'AIRAEBLE LRUS

10 YEIUM = IFAV*FBL RI*BSOEBL*LRUB/(NOFB*MTEBFL)
Zt'UM =TFAV*FBLRU#ESOtIL*LRUT,/ MO3E' 1tiT1-FL)

.4TEIUM = TFAV*FBLRU*Q:SEt.*LRUB/MTI:Fl-
'3DUM = TFiIV*F*BLRU*OSDL *LRUD'IMTBFL
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NLSFPS = AINT(N4OE*(YrIUM+SUF(2)*SO.RT(Y(EI~rlj)))
1 + AINT(NOEI*(Zt:UM+SOUF(2)*SQRT'ZLIUM)))
2 + AINT(TI'UM) + AINT(SE'UM) -. NSPRL(J)

20 IF (NLSPRS .LT. 0.) NLSPRS =0.

NSPRL(J) = NSPRL(J) + NLSPRS
NRCOS(Irl) = NRCOS(Ip1) + NLSPRS*L.UCOS(J)

C
C *REPLENISHMENT LRUS (RECURRING',

C ~~RLSPRS = AINT (TFAV*CONE ( J) /MTBFt..)

RLCOS(Irl) = RLCOS(Irli) + RLSF*RS*LUCOS(J)*(l + LMKUFI

C

25 IF (NSRU(J) *Ego 0) GO TO 50
DO0 50 K = It NSRU(J)

MTI4FS = SMTBF(JK)
IF (MTtBFS .EQ. 0.) GO TO 45
ISRB = ISRUB(JPK)
ISRE' = ISRUD(JtK)

C *INVESTMENT GRUS (NONRECURRING)
C2 *D'ETERMINE IF SRU(JvK) IS REPAIRAJKLE OP NON--REPAIRABLE

IF (ITWSýJiK) .EQ, 1) GO TO 30

C *REPAIRABLE SRUS

CXEIUM = TFAV*(FE4LRU*JR1T3.,VTcl.B(J.K)*BMT)/(ýOBYMTrFFS-
YDUM = TFAV*(FELR(J*(JRTS*:(1-RTSE:(!d-K) +- (1--JRT'S.Y)*EMT)

2 1 /(NOE'*MTBFS)

BSRU=AINT(NOE'*(XE'UM-ISU1I(3ý) lSQFT(XDUM)))
-' MINSRU = (XMINB*NOEO/LCOMS(JYK)

IF (E4SRU *LT. MINSRU) B'SRIJ = MINSFIJ

E'SRU = Al NT (NOII*(CYIUM+SUF (3ý) *SýQRT (YJTIJM)))
MINSRU = (XMINB*NOD/LCOt 4S(JiK))
IF (E'SR'J *LT. MINSRU) E'SRU = MINSRU

NSSFRS = P.SRU*ISRB + ELISRU*ISRDi -- NSPRB(JK')
GO TO 40

C: *NON-REFAIRABLE SRUS

3.0 XDUM=TFAV*FEl[tRU*JRTS*P.SOEc*ISRB/(NOEB*MTBFSý)
YDUM = TFAV*FBLRU* C -JRTS) *E:SOD*I 3RD! (NODIE*MTBFS),
WDUM=TFAV*FBLRU*JRTS*OSB* I 'RB/MTBFS
TEIUM = TFAV*FP.LRU*( 1-JRTS)*OSD*ISRD/MTIFS
NSSPRS = AINT(NOB*(XtIUM+SUF(3)*SORTI'Xt'UM)))

1 + AINT(NOEI*CYt'UM+SUF(3)*SQORT(Yt'UM)))

2 + AINT(WtIUM) + AINT(TIIUM) -NSPRB(JvK)
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4 riIF (NSSPRS *LT, 0.) NSSPRS = s
NSPRB(JYK) =NSPRE'(Ji() + NSSPRS
NRCOS(Irl) = 14FeCOS(Itl) + NSSoPRS*SUCOS(JI-O

*REPLENISHMET RUS(RCURRING)

45 CONTINUE
50 CONTINUE
60 CONTINUE
C.
r1, **CALCUILATE COSTS OF ON--AIRCPAFT MAINTENANCE

*NONRECURRING COSTS

C *NRCOS(IP2) = 0.0
C
(I *RECUJRRING COSTS

DO 70 J --1., NLRU

IF fLMTEBF(J',.N'E.CO.) RLCO".'1i2,- PLCOS(Ii2) + *(TFAV*.RMHEB(J)/
1 LMTE4F(J)) + (NS*FP~MtPMMfI) ),*1LR

70 COWlINUE

C **CALU'LATE: COSTS OF OF'F-AIPCRAF1 riAIIJTE.Nr-i!CF
C

*NOINRECURRT*NG COST*3
12 *NRCOS-(IP3) -0.0

I. *RECUF:RIN6 COS;TS
C *RECURRING OFF--AIRCPAf 1l~JIL'Ni COSTS APE COMPOSED OF
C *FOURP SUBS-COST CATEGOFrL.S: MA } VLLABORy SHIPPIN4GV 3
C *DOCUMENTATION.

4IIL I 'E [IVM .ARIA}PLE`S TO "ENO

CXLMAT =~ '.C'

XSMATz0.
XLREP = 0.C0
XSREP0F 4
XL' SHP 0. 0''
XSSHP A00
XLTTR 0.')
XSTTP 0
LRUT =0.0

SRUT . 0.0
BLIOC =(tuIAC + OFAC 4- STRI/UMTbF
DDOC =(OFAC + 5TR)/UMTBF

C
12 *CALCULATE C:O(3TS FOR LRU LEVLL OF' MAINTENA~NCE
C *CALCULATE INTERMEDIATE VALUEýS WITHIN THE LOOPS AN]:

C *~THE FINAL VALUES OUTSIDE 1HE LOOFP-S
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DO 90) J = 1, NLRU
JRTS = TS(J)
MTEIFL = LMTE4F(J)
IF (MTE4FL E9. 0) GO TO 85

#MATERIALS--LPU(J)

XLMAT =XLMAT + ((FBLRIJ*JRTS*RTL.B(,J)*EBMC(J)) I (FB~LRU*JRTS

1 *(1-RTLE4()l' + FBLRU*(1-JRTS)*EIMCJ,))/MTEBFL

*LiAEOP--LRU(J)

XLREP = XLRPEV + FE4LRU:ýJRTS*LMTTR(J) (1-ITWL(J)*(RfL-?(J)*tBLR +

+ (1-RTLEB(J))*EiLR)/MTE4FL

f, *SHIPPING--LRU(J)II UXL.SHF = XLS1IP + (WT'J)*(FBLRýU*((l-JRTS)+.JF:TS*(l-RTLB(J)))*2
1 *YMIL*ScSHC*(1-TTWL(J)) + 'FY:Lr.,U*(1IJRTS)*('fMIL.*SSLIC+

2 XMIL*SHC)*IT*WL(J)) )/MTP.FL)

C *WEIGHT OF EQUIPMENT SHIPPED TO0 REPLACE CONDEMNED LRU(J)

XLTTR =XLTTR + WT(J*CONDJ'..)*(]-ETWL-J))-iITFL

(11 *D'OCUMENTATION FOR MAINTEIJANCF----LRU-J(J)
C

LRLJT -. LRUT + (FEiLRU)*U-JRT"''-:) )/MTE:FL.
C

I'V.CALCULATE COSTS FOP SFLJ 1-'.'EL. O'F MAINTENANC,_

IF 'I4SRU(J) .EV). 0)) GO TO '0L,
11O 80 K 1,r NSPIJ( J`

XR'Sf:TE RTSE'(JiK)
VTPEFS S MTBFFJyI,'

IF (MTE!FS *EQ. 0.) GO 11) 0~

#MATERIALS)--SRU(J~t1

C

*LABCOR--<.F'U (J v K

XSREP =XSREP +((F1iL-RU*JRTS*.XRTS1-BSMTTP(J,)K)-t$L.E"I + F
~1 *SHIPF'ING--SRU(J,K)

'(SSHF XSSHP f (WTI'" J.I\)*(' 'lFBLRU*JRTS*- 1-YF*T3?.)*2*YhIL1*ScHC
1 ~~~*(1-ITWS(JvKtO:) + FLUJT'rI.c+(ILHC

Al



"2 *ITWS(JK)))/MTBFS)
C
C *WEIGHT OF EQUIPMENT SHIPF'ED TO REPLACE CONDEMNED SRU(J,iK)
C A

XSTTR = XSTTR + WTB(JK)*CONDB(JK)*(1-ITWS(J,•))/tMTBFS

C *DOCUMENTATION FOR MAINTENANCE--SRU(JK)
c

SRUT = SRUT + (FBLRU*JRTS*(1-XRTSB))/MTBFS
75 CONTINUE
80 CONTINUE
85 CONTINUE
90 CONTINUE
C
C *MAKE FINAL CALCULATIONS IN EACH SUB-CATEGORY
C *COST OF MATERIALS
C

Tt4AT = TFAV*(XLMAT + XSMAT)
C
C *COST OF LABOR
C

TLABOR = TFAV*(XLREP + XSREP)
C
C *COST OF SHIPPING
C

TSHIP = P'ACK*TFAV*((XLTTR + XSTTR)*(YMIL*SSHC XMIL*SHC)
I +(XLSHP+ SH)

c *COST OF MAINTENANCE DOCUMENTATION
C
C *BASE LEVEL
C

BDMTD (BDOC + (LRUT+SRUT)*TFR)*TFAV*BLR
C

*'DEFPT LEVEL

C
S~~DDMTD] (DDOC + (LRUT+SRUT)*TFR)*TFAV*DLR

C *TOTAL OFF-AIRCRAFT MAINTENANCE RECURRING EXPENSE +,LCC ~RLCOS(I,3) = RLCOS(I,3) + TMAT + TLABOR -+ TSHIP + BDMTD -+ 9.1[I'll".1

C
C **CALCULATE COSTS OF INVENTORY ENTRY AND SUPFLY MANAGEMENT

NICB = 1
IF (FRAV *EQ. 0,0) NICB = 0

C
c *NONRECURRING COSTS

c
1-00 IF (I *NE, 1) G TO 110
C
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C *IF (I #NE, 1) NRCOS(IY4) =0#0

C
NRCOS(IY4) =NR(COS(I?4) + IAMC*NIC*TIC*NICI4

C
C #PECURRING, COSTS
C

RLCOSUp4) = RLCOS(I,4) + (NOB*NOIEB*HOLE'B + NOD*NOIEI*HOLDD
1 >*NICB

GO TO 115
110 RLCOS(I?4) = RLCOS(It4) + (IAMC*NIC*TIC + NOB*NOI4*.HOLDBE +

1 ~NOI'*NOIE'*HOLDD)*NICB
C
C **CALCULATE COSTS OF SPECIAL SUPPORT EQUIPMENT

1.15 TBMH =0.0

TDeMH =0.0
DIO 112 L = 1,NLRU
TBMH = TEBMH + E4MH(L)
TEIMH = TE'MH + EIMH(L)

112 CONTINUE
(1
(1 *B~ASE SUPPORT EQUIPMENT
C

IF (JSE:.B EQ.- 0) GO TO 120
EIO 120 L = It JSEEB

C *NONRECURRING COSTS
C

XNSEB = AINT(F'FAV*TBMH*UTILB(L-)/(UMTBF*AVALB(L'*BET5A))
YNSEEI = MINSEB*NOEB/LCOMB(L)
IF (XNSEB *LT. YNSEB) XN'SEB = YNSEB
NNSEB(I) NNSEIB(I) + ((XNSEt:-NSEEB(L):'KXUSECOPd(L.))
NSEE4CL) =XNSEB

*RECURRING COSTS

XRSEB = FFAV'4TDM.tH*IUTILP.(L)*SECOB/(UMTBF*AVALB(L)*EBETA)
YRSEB = MSEB0*NcSEJ(L)
IF (XRSEB .LT. YRSEB) XRSEB YRSEB
RNSEB(I) = RNSEB(I) + XRSEB

120 CONTINUE

C *D'EPOT SUPPORT EQUIPMENT
C

IF (JSEE' *EQ. 0) GO TO 130V
DO 130 L 1,I JSEEI

(1 *NONRECURRING COSTS
C

XNSEEI = AINT(FFAV*TDMH*UTILD(I-J/(UMTBF*AVALEI(L)4eEIETA))
YNSEEI = MINSED*NOD/LCOME'( L)
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IF (XNSEtI *LT, YNSED) XNSEEI YNSEEI
NNSEE'(i) NNSEII(I) + ((XNSEE'-NSEE'(L.))*LJSECOE'(L))

RNSED(L) = XNSED 2
C
C *RECURRING COSTS
C4

XRSED = FPFAV*TteMH*UTILtt(L)*SECOE'/'UMTBF*AVALD(L)*E'ETA)
YRSED = MSEE'O*NSEt'(L)
IF (XRSE' .LT, YRSED) XRSEEI = YRSEEI12RNSEE'(I) = RNSED(I) + XRSED

130 CONTINUE
C
C, *TOTAL NONRECURRING COST, SPECIAL SUPPORT EQUIPMENT
C

NRCOS(I95> = NRCOS(ly5) + NNSEEB(I) + NNSED(I)
C
C *TOTAL RECURRING COST, SPECIAL SUPPORT EQUIPMENT
C

RLCOS(I95) = RLCOS(It5) + RNSEB(I) + RNSED(I)
C
C
C **CALCULATE COST OF TRAINING PERSONNEL
C
c *NONRECURRING COSTS (INITIAL rRAIiJING)
C *BASE LEVEL
C.

XBFER = AINT( (TFAV*AMHB/(PME'*PROE'E*UMTRF)))
YBPER =MINBF'*NOEC
IF (XE'PER .LT. YE4PER) XBPER =YBPER

NBPER(12) = NBPER(I) + (XEBPER -NPERB)

C
C' *DEPOT LEVEL

XDFER = AINT( (TFAV*AMHta/(PMD*FRODrt*UMIFBF)))
YDlPER =MINDFICNOD
IF (XEIPER *LT. YE'PER) XDPER =YDPER

NEIPER (I) = NEIPER (I) + (Xt'PER -- NFERII)
C J'1 C *TOTAL NONRECURRING

NRCOS( 1,6) = NRCOS(I ,6) + NBFER( I)4cTCOSB + Nt'PER(1IYKTCOSD
C
C *RECURRING COST (DUE TO PERSONNEL TURNOVER)
C

RLCOS(176) = RLCOS(IY6) + NFERB*TCOSB*TREB + NFERE'*TCOS'D4TRD
NPERB = XBPER
NFEREI = XDPER

C *CLUAECSSO AAMNGMN N EHIA 'CMN~TC
C
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C *NONRECURRING COSTS
C

IF (I .NE* 1) GO TO 135
NNBAS =NOB
t4NDEP = NODI
60G TO 137

H135 NNBAS = NOB - NBAS(I-1)
17 NNDEP =NOD - NDEP(I-1)
137 NRCOS(Iy7> NRCOS(I?7) 4+ CPFK(NFBD*NNEBAS + NPtDr~*NNE'EP)dC *RECURRING COSTS
c *RLCOS(IY7) =0.0

C,
C **CALCULATE COST OF FACILITIES
C
c *NONRECURRING COSTS
C *NRCOS(I?8) = 0#0
C
C *RECURRING COSTS

RLCOS(I?8) = RLCOS(I98) + FOCB*NOB + FOCD*NOD

C *TOTAL NONRECURRING AND RECIJRIt* GI3STICS COSTS FOR YEAR I

ETNR (I)=TRCSI + NRCOS(IYJ)

1.001 FOR?= T(LlOXFS.+2,3(7X.FB,2))

* 1002 *TOTAL(LOGISTIC7COSTS FO YEARIS)

103FORMAT(OX STTMNS7 I,7XF,2)

* 1.001 FORMAT(10XPF8.2'2'"z(7X-FI8))
1006 FORMAT(10X,4F8.3y7XY))r-.7/%,1)

1007 FORIAT(3X,4(7XPI8-)
C I

RETURN
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3U~FOJTIJETOTCUM

C ~COSTS INCURRED EACH YEAR AND THE CUMUILATIVE ACQUISITTICI"
C INTHE ATOTCU AODUL CLCU~l(^ E H rY OITIC SUPR CSSINURDPicp rF:T

SUB~ROUTINE TOTCUM ( YRS)

C :XESTAELISH COMMON SLOCKS

COMMON, CQUI"Z/ ACOS (25) ? rcoSA.25)
COMM0N/fARCRFT/CRF1¾F25): ,WA (25) 7 NPAC _'J' I YEAR(2_1 C
.ZCOiMON/CAT/CLCCy TNRCAT(`ý.- TRL-A-T'?%'j TP}ROG,25)- P:''5,rCOMMON/INSTAL/ICOS(25)t TCOS(5
COIIMON/LOGIST/NRCOSC2573)' R'LCOS(2'78>? TCOSL(25)i LL~~~)

i TNRCOS(25)? TR:LCOSa(25). TCOSNc25), TCOSR(25)

C :iC.R VARIABLES

INTEGER YfEAR

REAL ICOSi NACP NRCOSi O4RAC

- l.NITIALIZE YARIA~BLES

[01 1 = 1' rjyRS

TCROS(I) =0.

TO 2JSII = 01 0
TNCOATCJ =0.

1RCTJ 0.0

2 CONT INUE

CRLCC TJ =0.0

2CUSI J CONTINU

C DETERM~IN4E CUMULATIVE ACQUISITION CROST CSk =

TCOSAJ) TOSA(J + AO-20L __

c ~ ~ ~. *DTRMN CUUAIEISALTO OT



TCOSR(J) = TCOSR(J) + TRLCOS(l)
TCOSL-.j) TCOSL(J) + TLLCOSý'I)

7: *DETERMI.NE CUMULATIVE PROGRAM COSTS
CPOGJ CPROG(J) f ACSI + OI + TLLCL-2ýý-!

10 CONTINUE

C *DETERMINE TOTAL PROGRAM COST FOR YEAR 1

TPROG(I) = TL.LC^OS(I) + ACOS(I) + ICCO$I)

C WDETERMINE CUMULATIVE PROGRAM COST
I-

CLCC =CLCC + TPROG(I)
C

*DETERMINE TOTAL FOR EACH LOGISTIC CATEGWrNY

DO 20 J = It aI C TNRCAT(J) = TNRCAT(J) + NRCOS(Ij'..T?4RCAT(9) =TNRCAT(9) + NRCOS(I'J.'TRLCAT(J) = TRLCAT(J) + RLCOS(IrJ)
TRLCAT(9) = TRLCWAT(9) + RLCOS(IPJ)

20 CONTINUE4 30 CONTINUE

RETURN'

END

H-21



C ~SUBROUTINE PERGAC

C 
I

(1 THE PERGAC MODULE CALCULATES THE COST PER GA OWNER AND THE COST
C PER GENERAL AVIATION AIRCRAFT FOR EACH YEAR IN THE LIFE CYCLE OF
C THE SPECIFIED AVIONICS EQUIPMENT.

C SUBROUTINE FERGAC (NYRSvDESCNT)

C *ESTABLISH COMMON BLOCKS

C
COMMON/ACQUIZ/ACOS(25)9 TCOSA(25)
COMMON/ARCRFT/CRFT(25)t NAC(25)y NRAC(25)v YEAR(25)
('ommoN/INSTAL/ICOS(25)p TCOSI(25)II COMMON/LOGIST/NRCOS(25t8)? RLCOS(25y8)r TCOSL(25)? TLLCOS(25)7

1 TNRCOS(25)i TRLCOS(25)9 TCOSN(25)r TCOSR(25)
COMMON/NAMES/SNAMEP UNAME

C

Ac *DECLARE VARIABLES

INTEGER LB7 NYRS, UP7 YEARREAL ACOStCLCCiCRFTi ICOSPNACNNACNRACiNRCOS
REAL PEROWN(25) vRLCOSTTCQSAYTCOSI ,TCOSLTLCOSTLLCOS
REAL TNRCDSPTRLCOSPNCRFTPPERAC(25)

r LOGICAL*1 SNAME(65) ,UNAME(3,,)

C

TLCOS = 0#0

NCRFT = 0.0

DO 10 I 1,I NYRS

d C, *CALCULATE C'OST PER OWNER OF AVIONICS EQUIPMENT
C *NOTE*$THE TOTAL LOGISTIC COST S INCUR RED BY *rHE GA OWNER~l APE

c RESTRICTED TO RECURRING MAINTENANCE.
C

FERAC(l) =(TCOSN(I) + TRLC;OS(I))/NCRFT
PEROWN(I) TRFLCO~',I)-/NCRFT

10 CONTINUE

*PRINT RESULTS7

WRITE(6r1C00S) (SNAME(I)y I =1I 65)
WRITE(69i00,6) (UNAME(I)v I = It 35)
WPITE(6p1007) EISCNT
WRlTE(6y 2001HLB I
NO NYRS/UB

N.2 NO)
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DO 0O I =LE~, UBc
WRITE(6910021) (YEAR(Jh? J Ni, N2)
WRITE(6t1004) (FERAC(J)p J =Ni., N2)
WRITE(691003) (FEROWN(J)y J NI, N2.)
Ni = Ni + NO
N2 =N2 + NO
IF (N2 *GT. NYRS) N2 = NYI<S

250 CONTINUE
C
c *FORMAT STATEMENTS
C
1001 FORMAT(iXp//,i39Xt'AVIONlCS COST PER YEAR',!)
VC02 FORMAT(1Xt//p28Xr7(6X,14y5X))
1003 FORMAT(9Xy'COST PER OWNER 'y 7(2XPF13.')))
1004 FORMAT(9X?'COST PER A/C It 7(2XF13#2))
1005 FORMAT(iHi,//o/,4Xt'SYSTEM:o '765Al)
1006 FORtiAT(4XP'USER: lt35AI)
.1007 FORMAT(4Xt'E'ISCOUNT FACTOR*'iF4*2)

RETURN
ENtI
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C SUBROUTINE OIJTTAB
C
C THE OUTTAB MODULE OUTPUTS ALL OF THE VALUES COMPUTED IN
C THE LIFE CYCLE COSTING MODEL IN TABULAR FORM.

C

COMMON/INSTAL/ACOS(25)t TCOSI(25)

COMMON/LOGIST/NRCOS(25p8)7 RLCOS(257S>. TCOSL(25)7 TLLCOS(25S)t
1 TNRCOS(25)y TRLCOS(25), TCOSN(25)r TCOSR(25)
COMMON/MISCLO/NBAS(25) 7NDEP(25) tUMTBFUCOS

COMMON/NAMES/SNAME, UNAME

C *DECLARE VARIABLES

REAL ICOSY NRAC? NACY NRCOS
LOGICAL*.i ANS, SNAME(65)y UNJAME(35)

C
C *INITIALIZE VARIABLES
C

NO = NYRS/3
LB-=I
UB= 2

ell ~~WFITE(1t*) 'DO YOU WANT A N4ONRECUJRRIN(Gi/RECURRFING COST BREAKDOWN?'
READ(i,1O5O) ANS
IF (ANS 4NE. 'Y') GO TO 27

C *PRINT HEADINGS,, INVESTMENT COS03TS)
C

WRITE(,6y1034) (SNAME(I)t I = 1,65)
WRITE(6rl0375) (UNAME(I'i, I =1.35)
WRITE(6P1076) DSCNT[RT(vl(O
Ni 1 1
N2 NCO

c
c *PRINT NONRECURRINJG COSTS FOR EACH YEAR BY CATEGORY
C

DO 10 I LB? UP
WRITE(6ylOOi) (YEAR(J)i J = Ni, N2)
WRITE(6t1002) (NRCOS(J9i)v J Nip N2)
WRITE(671005) (NRCOS(J,4), J =Nit N2)
WRITE(6tl006) (NRCOS(JP5)t J =Nit N42)
WRITE(6plOO7) (NRCOS(JIc,", J Ni. N2)
WRITE(6710O8) (NRCOS(JP7)9 J Nit N2)
WRITE(67100O9) (NRCOS(JY8)y J =Nit N2)
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WRITE(6Y1O10) (TNRCOS(J)y J Nli N2)
N1 Ni + NO
N2 = N2 + 140
IF 'N2 .LT. HYR'&) GO rO 1')
N2 = NYPS
GO TO 15

to CONTINUE
IF WRITE(6 7 1026) (YEAR(J)tJ = Nli N2)

WRITE(6, 1027)I.WRITE(6P1012) (NRCOS'J,1)- J =Nli N'-)
WRITE(6t1O13) TNRCAT(l)I ~WR~ITE(6v1016) (NRCOS(J,4)y J = Nit 0r2)
WRITE(6!J1O13) TNRCAT(4)
WRITE(6Y1O17) (NRClOS(J75)y J = i, N2'
WR(ITE(6Y101i3) TNRCAT(5)
WRITE(6v1OlS), (NRCOS(Jt6)y J -Nit N2,
WRITE(6t1013) TNRCAT(6)
WRITE(671019) (NPCOS(JY7)y J =Ni, N2)
WRITE(6Y1013) TNRCA1T(7)
WaRITE(6,1020) (NRCOS(Ji8), J =N1, N2)
WRITE(6i10132) TNF<CA'T(S)
WRITE(6YiO21) '.TMRCOS(J), J Ni7 02)
WRITE(6P101-3) TNRCiT (9)

*PR~I NT HEAD INGS- OPERATIT 1 Nb 13UPPIJi:ORT CO)ST",

WF:1TE(6,1034)- (5IAME:(I)v 1 L,
WRITE(671035) (IJNAME(i). 1 1' ,.
WRTTE(6?103O6) I:'$C NJT
WF'ITE(6, 1028)
Ni1
012 =NO

c7 4CPPINT RECURF ,INF3 COSTS FORf CACfl CATEC'OPY B:Y YEAIR

DO 20 T = L~s UEB
'ARETEJ671iO0-i) (YEA-R(J)t J - N1f 0J2ý

CR11 WIE6 1 02) ) CRLCOS.:J,1)I J NiMl 0A2)
W4R 1 T , t1003 ) (RLCOS( .I'2), J N 1. 1\1

WR I TE.6 v 10 0 5) I F:LCOS(eIJy) y J L-0
WPI TE(6 710063) (:RLCOS(Jt54), J 01j7 N2~',

WRIT-E(6r1*)07) ( RL-COS ( J, 6 NI~ tN2)

WRITE (6y 100-8 ( LCO3:)JY7), 01 7i 02,

WiPITE(6,iO01) 0 RLCOS (J,) v J N, N12
0i 01N + No
N2 =N2 + NO
IF (N2 ,LT. NYRS) GO TO 20
142 = NYRtS
C,30 T G 2 5
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25 WRITE(6plO26) (YEAR(J)v J =Ni, N2)
WRITE(6, 1027)1
WRITE(6ylOI2) (RLCOS(Jyi)p J =Nit N2)
WRITE(6tiOi3) TRLCAT(l)
WRITE(6y1014) (RLCOS(JY2)v J = Ni, N'2
WRITE(6vli13) TRLCAT(2)
WRITE(6ti~lT) (RLCOS(JY3)i J = Ni, N2)
WRITE(6P1013) TRLCAT(3)
WRITE(671016) (RLCOS(J?4)t J = N19 N2)
WRITE(6,i013) TRLCAT(4)
WRITE(6s'1017) (RLCOS(JP5)9 J =Ni, N2)
WRITE(6tiOi3) TRLCAT(5)
WRITE(6i1018) (RLCOS(JY6)i J = Ni, N2)
WRITE(69i013) TRLCAT(6)
WRITE(6t10i9) (RLCOS(,Jv7)v J = Ni, M2>
WRITE(6tlii3) TRLCAT(7
WRITE(6yi020) (RLCOS(J98)v J = Ni, N42)
WRITE(6yl~i3) TRLCAT(S)
WRITE(6i1021) (TRLCOS(J)9 J = Nli, N2)
WF:ITE(6riOl3) TRLCAT(9)

C
C *PRINT HEADINGS tJR TOTAL LIFE CYCLE COSTS BY YEAR

C
27 WFITE(671cK74) (SNAME(I)y I = It 65)

WRITE(6YiO35) (UNh9E(I), I = 1t, 35)
WRITE(6tiO.36) DSCNTf
WRITE(6t1042) UCOSOUM1BF
WRITE(6i 1029)
Ni = I
N2 = NO

C *PRINT RESULTS

IO3 = LB?, UE4
WRITE(6plOOi;* (YEAR(J)q J = Ni, N2)
WRITE(6p1030)- (ACOS(J)t J = Mr, N2)
WRITE(6Pi031) (ICOS(J)p J =Ni, N2:-
WRITE(6yl037) (TNRCQS(J)? J = Ni, N2)
WRITE(6y103o) (TRLCOS(J)t J = Ni, N2)1
WRITE(6,1032) (TLLCOS(J)y J = Ni, N2)
WRITE(6v1033) (TPROG(J)t J =Ni, N2)
Ni = Ni + NO
N2 = N2 + NO
IF MN2 .LT. NYRS) GO TO 30
N2 = NYRS
GO TO 35

:10 CONTINUE
3ý15 WRITE(67iO26) (YEAR(J)p J =N1, N2)

WRITE(691027)

WRITE(691O22) (ACOS(J)p J = Ni, N2)

WRITE(69i013) TCOSA(NYRS)

WRITE(6?1O23) (ICOS-'(J)v J = Ni, N2)
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1wR I T E'46l113) '(' CS I NY PS
WRIJE(6r1040) 'rTNRCO`;( J)~ J Nli, N2)
WF:ITE(6t1013) TCW'-N f YRG',
WRITE(6,1041) 'TPLCOS(J,', J Niy N2)
WRITE(6, 1013> I1CUS~tNYPS)

WR ITE (6 #1024) (TLLCOS(J), J Nli, N2)
WRITE(691013) TCUSL(N(RS)
WRITE(691025) (TPROG(J)7 J Ni, N2)
WRITE(6v1013) CLCC

C *PRINT HEADINGS FOR CUMULATIVE LIFE CYCLE COSTS BY Y(EAR

11 WRITE(6rl039)

Nl

DO 40 1 = LB{, UB+l
WRITE(6,i001'- (YEAR(.J). J Ni, N2)
WRITE(69i030) (TCOSA-J), J Nl, 0J2)
WRITE(67i03i) (TC:JSI(J)l J =Ni3, 02)
WRITE(6?iO37) (TCJSN(J)y J Nli, 02.
WRITE(6yi038) (TCOS'R(J),? J Ni7 N.2)

WRITE(67i032) (TCOSL'J), .i Nl, 02)I WRITE(6il033) (CFRQG(,J)f J itJ1, N:)
Nl = Ni + NO
N2 = N2 + NO
IF (N2 .LT. NYRS- '30 If. 40
N'2 = NYRS

40 CONTINUE

cU C *FORMAT STATEMFNVE.

1000 FORMAT'(4?Xi'X'NONF,:ECJJPI:kNi3 LOGISTlC SUPPOrT COSTS' ,//)

1002 FORMAT(9Xv'SPARES ¼ 3(2,Xf~l>O,))
1003 FOF:MAT(9XY'ON-A/C MAINT I !:'(2X -F13.O)'
1004 FORMAT(9XY'OFF-A/C MAL4T t' 8(2--XvFi3 'o.
100'5 FORMAT(9XP'IN)E:NTORY MGT /v 8(2XiF13.0:*)
1006 FORMAT(9XY'SUPFORT EQUIP '' -.,12XYF13z.0)l

1007 FORMAT(9Xy'TRAINING ¼ '(2x7Fi3.n,))
1008 FORMAT(9X7'DATA MANAGEMENI- V :, ý2'7F13.O,-
1009 FORMAT(9Xv'FACILITIES 2Fi.)
1010 FORMAT(9X,'ANNUAL TOTAL ¼ 8'.2XiF13'Z.0))
1012 FORMAT('$'?SX''SPARES ',8(2XYF173.O-)

1013 FORMAT('4'v2X7Fl3.0)i11.014 FORMAT('$'v8Xv'ON-A/C MAINT -y8(2¼i F-17.0))
1015 FORMAT('S'?8Xp'OFF-A/C MAINT ,'XF2*)
101--1 FORMAT('$'t8Xt'INVENTOF:Y rIT t 3 (:;.X-F 13.~K
1017 F0RMAT('$'t8Xv'SUF'PORT EQUIP ? 83"2X F I3
i1 r 1Z7 FOrPMAT( 'S' TUcX? 'TRAINING 3 [
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1019 F0RMAT('$'?8X,'EtATA MANAGEMEIHT't8(2XvFl3-.0))
10 2.0 FORMAT('$'r8Xt'FACILITIES v 8 (21X rF13. 0)
10211 FORMAT('$'t8Xt'ANNUAL TOTAL 't8(2XPF13.0));c
10A22 FORMAT('$'?8Xy'AC0UISITION ',8(2XvF13,0))
1023 FORMAT('$'t8Xr'INSTALLATION ',8(2XYF13.0))
1024 FORMAT('$'PBXY'TOTAL LOGISTIC 'v8(2XF13.0))
1025 FORMAT('$'98Xt'TOTAL PROGRAM ',t3(ncXyF13#0))
1026 FORMAT(1Xp//-'$',8Xt'COST CATEGORY '92X-7(6XvI495X))
1027 FORMAT('+'r2Xt'TOTAL')
:1028 FORMAT(52X, RECURRING LOGISTIC SUPPORT COSTS',!!)
1029 FORMAT(56XP'TOTAL LIFE CYCLE COSTS B4Y YEAR')
1030 FORMAT(9XACQUISITION 't8(2XvFl3#0))
1031 FORMAT(9XINSTALLATION 'y8(2X7Fi3.0))
1032 FORMAT(9XY'TOTAL LOGISTIC 'v8('2X, F13.O))
1033 FORMAT(9XY'TOTAL PROGRAM ',8(2XyF13.0))
1034 FORMAT(lH1t3XP'SYSTEM:o '965A1)-
1035 FORMAT(4XY'USER:* ',35A1)
:1036 FORMATL.4Xf'E'ISCOUNT FACTOR:'-F4.2)
1037 FORMAT(9Xv'NONRECURRING ',8(2XyF13.0))
1038 FORMAT(9XWRECURRING fy8(2X-Fl3.0))
1039 FORMAT(1XY//.50XP'CUMULATIVE LIFE CYCLE COSTS B~Y YEAR')
1040 FORMAT('$'vBXP'NONRECURRING fvB(2-XF13,(')))
1041 FORMAT('$'?8X9'RECURRU'G ',S(2XyF13.0))
1042 FORMAT(4XP'SYSTEM COST:#'tF1O.2y' SYSTEM MT*BF*'yF8ý1)
1050 FORMAT(1OA1)

RETURN

ENDI
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C SUBROUTINE EI1SCMT

Cý NONRECURRING AND RECCURRING LOGISTIC COSTS FOR ALL YEARS

C ANCAEOIS

c *NTE* THECONTAN DOLAR OSTARRA VAUESARE CHANGED

C DUETO THE USE OF THE COMMON STATEMENT*

SUBROUTINE DISCNT(NYRStXt'ISPBASEYR)

cC *ESTAB4LISH COMMON BLOCKS

COMMON/ACQUIZ/ACOS(25)t CSA,5

COMMON/ARCRFT/CRFT(C25), NAC(25) TNRAC(25),YEAR(25)I ~COMMON/INSTAL/1C03(25), TCOSI (25;.
COMM0N/LOGIST/NR'COS(25,8), RLCOS(25t8)i TCOSL(25D, TLLCOS(25)7

1 TNRCOS(25)v TRLCOS'(25)t TCOSN(25)? TCOSR(25)
COMMOtl/CAT/CLOCC TNRCAT(9)? TRLCAT(9)f TPROG(25)' CPF-1.0f(25)

C
C *DECLARE VARIABLESK C

INTEGER BASEYP, YEAR
REAL ICOE;r NPCOSi NACY NRAC

C
DO 20 1 = 1 NYRSK ff'0;nPlJ fE THE D'ISCOUJNT FACTOR F~f"il YEAF! I

C tDIS-COUNT ALL corARRAYS

ACOý!. IT) = A:Cj3' T )*ElI SC
(PFSni)' = T rOGC(I) *DISC

TNRCOS(I)*DISC
IRIJlOS(I) = rRLCOS(I)*E'ISC
T'LLCOS(I) - t-LCOS(I)*DISC
EDO 10 J =1I 8

NRCOS(IPJ) =NRCOS(IJ)*LIISC
PLCOS(IJ' = RLCOS(I,J)*DISJC

1") CONTINUE
20 CONTINUE

RETUiRN

Ei'El
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